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PREFACE

This is the twentieth in a series constituting a "public record" of activities in regard to the

National Institutes of Health (NIH) Guidelines for recombinant DNA research.

The first nineteen volumes cover events from February 1975 through August 1994. This

twentieth volume covers events from August 1994 through December 1994.

Starting from Volume 14, human gene transfer/therapy protocols that have been approved

by the NIH Recombinant DNA Advisory Committee, are collected. Documents of each

human study include the clinical protocol, the Informed Consent document describing the

study in a nontechnical language, both scientific and nontechnical abstracts, and curriculum

vitae of the principal investigators.

Volumes 1 through 5 in this series and the Environmental Impact Statement may be

purchased from the Superintendent of Documents, U.S. Government Printing Office (GPO),

Washington, DC 20402 or GPO bookstores in selected cities throughout the United States.

They may also be viewed in some 600 public libraries of the GPO depository system. The
GPO stock numbers are: Volume 1, 017-004-00398-6; Volume 2, 017-040-00422-2; Volume
2 Supplement (Environmental Impact Statement), 017-040-00413-3; Volume 3, 017-040-

00429-0; Volume 3 Appendices, 017-040-0043-3; Volume 4, 017-040-00443-5; Volume 4

Appendices 017-040-00422-7; and Volume 5, 017-040-00470-2. Volumes 6 through 20 are

available from the Office of Recombinant DNA Activities, National Institutes of Health,

Bethesda, MD 20892, USA.
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DEPARTMENT OF HEALTH AND
HUMAN SERVICES

National Institutes of Health

Recombinant DNA Advisory
Committee; Notice of Meeting

Pursuant to Public Law 92—463,

notice is hereby given of a meeting of

the Recombinant DNA Advisory
Committee on September 12-13, 1994.

The meeting will be held at the National

Institutes of Health, Building 31C, 6th

Floor, Conference Room 6, 9000
Rockville Pike, Bethesda, Maryland
20892, starting on September 12, 1994,

at approximately 9 a.m., and will recess

at approximately 6 p.m. The meeting

will reconvene on September 13, 1994,

at approximately 8:30 a.m. and will

adjourn at approximately 5 p.m. The
meeting will be open to the public to

discuss Proposed Actions under the NIH
Guidelines for Research Involving

Recombinant DNA Molecules (59 FR
34496) and other matters to be

considered by the Committee. The
Proposed Actions to be discussed will

follow this notice of meeting.

Attendance by the public will be limited

to space available. Members of the

public wishing to speak at this meeting
may be given such opportunity at the

discretion of the Chair.

In accordance with the provision set

forth in sec. 552b(c)(4), Title 5, U.S.C.

and sec. 10(d) of Pub. L. 92—463, the

meeting will be closed to the public on
September 12 from 5 p.m., to

approximately 6 p.m., for the review,

discussion, and evaluation of

proprietary information which is a part

of a human gene therapy research

proposal. The proposal and the

discussion could reveal confidential

trade secrets or commercial property

such as patentable material.

Dr. Nelson A. Wivel, Director, Office

of Recombinant DNA Activities, -

National Institutes of Health, Building

31. Room 4B11, Bethesda, Maryland
20892, Phone (301) 496-9838, FAX
(301) 496-9839, will provide materials

to be discussed at this meeting, roster of

committee members, and substantive

program information. Individuals who
plan to attend and need special

assistance, such as sign language

interpretation or other reasonable

accommodations, should contact Dr.

Wivel in advance of the meeting. A
summary of the meeting will be
available at a later date.

OMB's "Mandatory Information

Requirements for Federal Assistance

Program Announcements" (45 FR
39592, June 11, 1980) requires a

statement concerning the official

government programs contained in the

Catalog ofFederal Domestic Assistance.

Normally NIH lists in its

announcements the number and title of

affected individual programs for the

guidance of the public. Because the

guidance in this notice covers not only
virtually every NIH program but also

essentially every Federal research

program in which DNA recombinant
molecule techniques could be used, it

has been determined not to be cost

effective or in the public interest to

attempt to list these programs. Such a

list would likely require several

additional pages. In addition, NIH could
not be certain that every Federal
program would be included as many
Federal agencies, as well as private

organizations, both national and
international, have elected to follow the

NIH Guidelines. In lieu of the individual

program listing, NIH invites readers to

direct questions to the information

address above about whether individual

programs listed in the Catalog of
Federal Domestic Assistance are

affected.

Dated: August 3, 1994.

Susan K. Feldman,

Committee Management Officer. NIH.

(FR Doc 94-20825 Filed 8-22-94; 8:45 am)

BILLING CODE 4141-01-M

Recombinant DNA Research:
Proposed Actions Under the
Guidelines

AGENCY: National Institutes of Health,

PHS, DHHS.
ACTION: Notice of Proposed Actions
Under the NIH Guidelines for Research

Involving Recombinant DNA Molecules
(59 FR 34496).

SUMMARY: This notice sets forth

proposed actions to be taken under the

National Institutes of Health (NIH)
Guidelines for Research Involving

Recombinant DNA Molecules (59 FR
34496). Interested parties are invited to

submit comments concerning these

proposals. These proposals will be
considered by the Recombinant DNA
Advisory Committee at its meeting on
September 12-13, 1994. After

consideration of these proposals and
comments by the Recombinant DNA
Advisory Committee, the Director of the

National Institutes of Health will issue

decisions in accordance with the NIH
Guidelines.

DATES: Comments received by
September 5. 1994, will be reproduced
and distributed to the Recombinant
DNA Advisory Committee for

consideration at its September 12-13,

1994. meeting.

ADDRESSES: Written comments and
recommendations should be submitted
to Dr. Nelson A. Wivel, Director, Office

of Recombinant DNA Activities (ORDA),
Building 31, Room 4B11, National
Institutes of Health, Bethesda, Maryland
20892, or sent by FAX to 301-496-9839.

All comments received in timely
response to this notice will be
considered and will be available for

public inspection in the above office on
weekdays between the hours of 8:30
a.m. and 5 p.m.

FOR FURTHER INFORMATION CONTACT:
Background documentation and
additional information can be obtained
from the Office of Recombinant DNA
Activities, Building 31, Room 4B11,
National Institutes of Health, Bethesda,
Maryland 20892, (301) 496-9838.

SUPPLEMENTARY INFORMATION: The NIH
will consider the following actions

under the NIH Guidelines for Research
Involving Recombinant DNA Molecules:

I. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Transfer Protocol/Dr. Crystal

In a letter dated July 18, 1994, Di.

Ronald Crystal of the New York
Hospital-Comell Medical Center, New
York, New York, submitted a human
gene transfer protocol entitled:

Evaluation of Repeat Administration ol

a Replication Deficient, Recombinant
Adenovirus Containing the Normal
Cystic Fibrosis Transmembrane
Conductance Regulator cDNA to the

Airways of Individuals w/Cystic

Fibrosis to the Recombinant DNA
Advisory Committee for formal review

and approval.

II. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Transfer Protocol/Drs. Isner and Walsh

In a letter dated July 5, 1994, Drs.

Jeffrey M. Isner and Kenneth Walsh of

the St. Elizabeth’s Medical Center, Tufts

University. Boston, Massachusetts,

submitted a human gene transfer

protocol entitled: Arterial Gene Transfer

for Therapeutic Angiogenesis in Patients

with Peripheral Artery Disease to the

Recombinant DNA Advisory Committee
for formal review and approval.

III. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Transfer Protocol/Dr. Gluckman

In a letter dated July 15, 1994, Dr. Jack

L. Gluckman of the University of

Cincinnati Medical Center, Cincinnati,

Ohio, submitted a human gene transfer

protocol entitled: Intratumoral Injection

of Herpes Simplex Thymidine Kinase

Vector Producer Cells (PA317/

GlTklSvNa.7) and Intravenous

Ganciclovir for the Treatment of Locally

[2]
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Recurrent or Persistent Head and Neck

Cancer to the Recombinant DNA
Advisory Committee for formal review

and approval.

IV. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Transfer Protocol/Dr. Flotte

In a letter dated July 14, 1994, Dr.

Terence R. Flotte of Johns Hopkins

Children’s Center, Baltimore, Maryland,

submitted a human gene transfer

protocol entitled: A Phase I Study of an

Adeno-associated Virus-CFTR Gene
vector in Adult CF Patients with Mild

Lung Disease to the Recombinant DNA
Advisory Committee for formal review

and approvaL

V. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Transfer Protocol/Dr. Lyerly

In a letter received on July 18, 1994,

Dt. H. Kim Lyerly of Duke University

Medical Center, Durham, North

Carolina, submitted a human gene

transfer protocol entitled: A Pilot Study

of Autologous Human Interleukin-2

Gene Modified Tumor Cells in Patients

with Refractory or Recurrent Metastatic

Breast Cancer to the Recombinant DNA
Advisory Committee for formal review

and approvaL

VI. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Transfer Protocol/Dr. Whitley

In a letter dated July 15, 1994, Dr.

Chester B. Whitley of the University of

Minnesota, Minneapolis, Minnesota,

submitted a human gene transfer

protocol entitled: Retroviral-Mediated

Transfer of the Iduronate-2-Sulfatase

Gene Into Lymphocytes for Treatment of

Mild Hunter Syndrome
(Mucopolysaccharidosis Type II) to the

Recombinant DNA Advisory Committee
for formal review and approval.

VII. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Transfer ProtocoL/Drs. Holt and Arteaga

In a letter dated July 15, 1994, Drs.

Jeffrey Holt and Carlos B. Arteaga of

Vanderbilt University, Nashville,

Tennessee, submitted a human gene
transfer protocol entitled: Gene Therapy
for the Treatment of Metastatic Breast

Cancer by In Vivo Infection with Breast-

Targeted Retroviral Vectors Expressing

Antisense c-fos or Antisense omyc RNA
to the Recombinant DNA Advisory
Committee for formal review and
approval.

VnL Addition to Appendix D of the

NIH Guidelines Regarding a Human
Gene Transfer ProtocoL/Drs. Eck, Alavi

In a letter dated July 15, 1994, Drs.

Stephen L. Eck and Jane B. Alavi of the

University of Pennsylvania Medical

Center, Philadelphia, Pennsylvania,

submitted a human gene transfer

protocol entitled: Treatment of

Advanced CNS Malignancy w/the
Recombinant Adenovirus
H5.020RSVTK: A Phase I Trial to the

Recombinant DNA Advisory Committee
for formal review and approvaL

IX. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Transfer Protocol/Dr. Albelda

In a letter received on July 18, 1994,

Dr. Steven M. Albelda of the University

of Pennsylvania Medical Center,

Philadelphia, Pennsylvania, submitted a
human gene transfer protocol entitled:

Treatment ofAdvanced Mesothelioma
with the Recombinant Adenovirus
H5.010RSVTK: A Phase I Trial to the

Recombinant DNA Advisory Committee
for formal review and approvaL

X. Amendments to Sections I, HI, IV, V,

and Appendix M of the NIH Guidelines

Regarding Consolidated Review of
Human Gene Transfer Protocols

On July 18-19, 1994, the National

Task Force on AIDS Drug Development
held an open meeting for the purpose of

identifying barriers to AIDS Drug
Discovery that included a proposal to

streamline the dual review process for

human gene transfer experiments.

Members of the Task Force

recommended a consolidated review
process to enhance interactions between
the NIH and the FDA. As a result of the

Task Force's deliberations,

recommendations were adopted in order

to eliminate any unnecessary overlap

between the FDA and NIH review of

human gene transfer proposals. Both
Drs. Varmus and Kessler noted that their

respective agencies would cooperate

fully to effect the changes necessary to

implement these recommendations. The
recommendations were:
“The NIH and FDA recommend that

the RAC become advisory to both the

NIH Director and the FDA with regard

to the review of human gene transfer

protocols. In the interest of maximizing
the resources of both agencies and in

simplifying the method and period for

review of research protocols involving

human gene transfer, it is planned that

the FDA and NIH institute a new
consolidated review process that

incorporates the following principal

elements:

(1)

All gene transfer protocols shall be
submitted directly to the FDA.

Submission will be in the format
required by the FDA and the same
format will be used by the RAC when
public review is deemed necessary.

(2) Upon receipt, FDA review will

proceed. The NIH Office of

Recombinant DNA Activities (ORDA)
staff will simultaneously evaluate the

protocol for possible RAC review.

(3) Factors which may contribute to

the need for RAC review include: (1)

novel approaches, (2) new diseases, (3)

unique applications ofgene transfer,

and (4) other issues that require further

public review.

(4) Whenever possible, principal

investigators will be notified within 15
working days following receipt of the
submission whether RAC review will be
required. (RAC reviewed applications

will be forwarded to reviewers 8 weeks
prior to the next quarterly RAC
meeting.)

(5) Semi-annual data reporting

procedures will reiqgin the

responsibility of NIH (ORDA). Semi-
annual data reports will be reviewed by
the RAC in a public forum.”

Investigators will no longer be
required to provide a separate

submission to NTR/ORDA for RAC
review. The FDA Division of Cellular

and Gene Therapies will forward a copy
of each submission to NIH/ORDA. Any
protocol submitted < 8 weeks before a
RAC meeting will be reviewed at the

following quarterly RAC meeting.
The RAC will make recommendations

regarding approval/disapproval of

protocols, including any relevant

stipulations, to the NIH Director. The
NIH Director will transmit the RACs
recommendations/stipulations to the

FDA Commissioner.
The FDA will consider such

recommendations/stipulations and will

be responsible for completion of review.

The RAC and NIH/ORDA will no longer

have the responsibility for reviewing

material submitted in response to

stipulation requirements or for the

review of minor modifications to human
gene transfer protocols.

The following proposed amendments
to the NIH Guidelines reflect the new
streamlined review process.

Section I (Scope of the NIH Guidelines)

currently reads:

"Section I. Scope of the NIH
Guidelines

"Section I-A. Purpose
"The purpose of tne NIH Guidelines

is to specify practices for constructing

and handling: (i) recombinant
deoxyribonucleic add (DNA) molecules,

and (ii) organisms and viruses

containing recombinant DNA
molecules.

Recombinant DNA Research, Volume 20 [3]
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“Section I-A-l. Any recombinant

DNA experiment, which according to

the NIH Guidelines requires approval by

the NIH, must be submitted to the NIH
or to another Federal agency that has

jurisdiction for review and approval.

Once approval, or other applicable

clearances, has been obtained from a

Federal agency other than the NIH
(whether the experiment is referred to

that agency by the NIH or sent directly

there by the submitter), the experiment

may proceed without the necessity for

NIH review or approval (see exception

in Sections I-A-2 and I-A-3).

“Section I-A-2. Certain experiments

that involve the deliberate transfer of

recombinant DNA or DNA or RNA
derived from recombinant DNA into one
or more human subjects (see Section V-
U) shall be considered MajorActions
(see Section IV-C-l-b-(l)), and shall

require RAC review and NIH Director

approval, if determined by NIH/ORDA
in consultation with the RAC Chair and/

or one or more RAC members, as

necessary, to: (i) represent novel

characteristics (e.g., target disease or

vector), (ii) represent an uncertain

degree of risk to human health or the

environment, or (iii) contain

information determined to require

further public review (see Section HI—

A-2).
“Section I-A-3. Experiments

involving the transfer of recombinant
DNA to one or more human subjects

that are not considered under Section

HI-A-2 may qualify for Accelerated

Review (see Section IH-B-2 and
Appendix M-V) and will be considered

as Minor Actions (see Section IV-C-1-
b—(2)—Ca)). Actions that qualify for

Accelerated Review will be reviewed
and approved by NIH/ORDA in

consultation with the RAC Chair and/or
one or more RAC members, as

necessary.
“Certain experiments involving the

transfer of recombinant DNA or DNA or

RNA derived from recombinant DNA
into one or more human subjects (see

Section V-U) may be considered exempt
from RAC and/or NIH/ORDA review
and/or NIH Director approval and only

require registration with NIH/ORDA
(see Section III-C-7).”

Section l-A is proposed to read:

“Section L Scope of the NIH.

Guidelines
"Section I-A. Purpose
“The purpose of the NIH Guidelines

is to specify practices for constructing

and handling: (i) recombinant
deoxyribonucleic acid (DNA) molecules,
and (ii) organisms and viruses

containing recombinant DNA
molecules.

"Section I-rA-1. If a recombinant DNA
experiment requiring NIH approval is

also subject to review and approval by
another Federal agency, the proposed
experiment must be submitted to the

other Federal agency. Once approval, or

other applicable clearances, has been
obtained from a Federal agency other

than the NIH, the experiment may
proceed without the necessity for NIH
review or approval, except as provided
in Section I-A-l-a.

“Section I-A-l-a. Experiments
involving the deliberate transfer of

recombinant DNA or DNA or RNA
derived from recombinant DNA into one
or more human subjects shall be
submitted directly to the Food and Drug
Administration (FDA). Such proposals

shall be submitted to the Director of the

Division of Cellular and Gene
Therapies, Office of Therapeutics

Research and Review, Center for

Biologies Evaluation and Research,

Food and Drug Administration, 1401
Rockville Pike, HFM-515, Rockville,

Maryland 20852-1448, (301) 496-4709.
Upon receipt, FDA will transmit all

human gene transfer protocols to the

NIH Office of Recombinant DNA
Activities (ORDA). Simultaneously with
the FDA review, NIH/ORDA will

evaluate the protocol for possible RAC
review. Whenever possible. Principal

Investigators will be notified within 15
working days following receipt of the

submission whether RAC review will be
required. RAC reviewed applications

will be forwarded to reviewers 8 weeks
prior to the next quarterly RAC meeting.

Factors that may contribute to the need
for RAC review include: (i) novel

approaches, (ii) new diseases, (iii)

unique applications of gene transfer,

and (iv) other issues that may require

further public review. The RAC’s
recommendations, including specific

requirements and stipulations, will be
forwarded to the NIH Director. The NIH
Director’s final recommendation will be
forwarded to the FDA Commissioner.”

Section in (Experiments Covered by the

NIH Guidelines), paragraph 1, currently

reads:

“This section describes five categories

of experiments involving recombinant
DNA: (i) those that require RAC review

and NIH and Institutional Biosafety

Committee approval before

initiation. . ,

Section III, paragraph 1, is proposed to

read:

“This section describes five categories

of experiments involving recombinant

DNA: (i) those that require Institutional

Biosafety Committee approval, RAC

review, and NIH Director consideration

before initiation. . .

Section III-A currently reads:

“Section EQ-A. Experiments that

Require Institutional Biosafety

Committee Approval, RAC Review, and
NIH Approval Before Initiation

“Experiments in this category are

considered Major Actions (see Section
IV-C-l-b-fl)) cannot be initiated

without submission of relevant

information on the proposed experiment
to the Office of Recombinant DNA
Activities, National Institutes of Health,
Building 31, Room 4B11, Bethesda,

Maryland 20892, (301) 496-9838, the

publication of the proposal in the

Federal Register for 15 days of
comment, review by the RAC, and
specific approval by the NIH (not

applicable for Expedited Review single

patient human gene transfer

experiments considered under
Appendix M-VI). The containment
conditions for such experiments will be
recommended by the RAC and set by
the NIH at the time of approval. Such
experiments require Institutional

Biosafety Committee approval before

initiation. Specific experiments already

approved are included in Appendix D
which may be obtained from the Office

of Recombinant DNA Activities,

National Institutes of Health, Building

31, Room 4B11, Bethesda, Maryland
20892, (301) 496-9838.
“Section EQ-A-1 . Deliberate transfer

of a drug resistance trait to

microorganisms that are not known to

acquire the trait naturally (see Section

V-B), if such acquisition could
compromise the use of the drug to

control disease agents in humans,
veterinary medicine, or agriculture.

“Section m-A-2. Certain experiments
involving the deliberate transfer of

recombinant DNA or DNA or RNA
derived from recombinant DNA into one
or more human subjects (see Section V-
U) shall be considered Major Actions
(see Section IV-C-l-b-(l) and
Appendix M-HI), and shall require RAC
review and NIH Director approval, if

determined by NIH/ORDA, in

consultation with the RAC Chair and
one or more RAC members, as

necessary, to: (i) represent novel

characteristics (e.g., target disease or

vector), (ii) represent an uncertain

degree of risk to human health or the

environment, or (iii) contain

information determined to require

further public review. The requirement

for RAC review shall not be considered

to preempt any other required review or

approval of experiments with one or

more human subjects. Relevant

Institutional Biosafety Committee and

[4]
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Institutional Review Board reviews and
approvals of the proposal should be

completed before submission to NIH.

Certain experiments involving

deliberate transfer of recombinant DNA
or DNA or RNA derived from

recombinant DNA into one or more
human subjects may qualify for the

Accelerated Review process (see Section

IH—B—2). Certain categories of

experiments involving the deliberate

transfer of recombinant DNA or DNA or

RNA derived from recombinant DNA
into one or more human subjects and
that are not covered by Section V-U,
may be considered exempt from RAC
and/or NIH/ORDA review and/or NIH
Director approval and only require

registration with NIH/ORDA (see

Section m-G-7).”

Section IH-A is proposed to'read:

“Section m-A. Experiments that

Require Institutional Biosafety

Committee Approval, RAC Review, and
NIH Director Consideration Before

Initiation (see Section IV-C-l-b-fl)).
“Section m-A-1. Major Actions
“Experiments described in Sections

III-A-l-a and IH-A-2 cannot be
initiated without submission of relevant

information on the proposed experiment
to the Office of Recombinant DNA
Activities, National Institutes of Health,

Suite 323, 6006 Executive Boulevard,

MSC 7052, Bethesda, Maryland 20892-
7052, (301) 496-9838, the publication of

the proposal in the Federal Register for

15 days of comment, review by the RAC,
and specific approval by the NIH. The
containment conditions for such
experiments will be recommended by
the RAC and, except as provided in

Section III-A-2, will be set by the NIH
at the time of approval. Such
experiments require Institutional

Biosafety Committee approval before

initiation. Specific experiments already

approved are included in Appendix D
which may be obtained from the Office

of Recombinant DNA Activities,

National Institutes of Health, Suite 323,

6006 Executive Boulevard, MSC 7052,
Bethesda, Maryland 20892-7052, (301)

496-9838.
“Section m-A-1. Deliberate transfer

of a drug resistance trait to

microorganisms that are not known to

acquire the trait naturally (see Section
V-B), if such acquisition could
compromise the use of the drug to

control disease agents in humans,
veterinary medicine, or agriculture.

“Section III-A-2. Major Actions
Involving Human Gene Transfer

Experiments
“Experiments involving the deliberate

transfer of recombinant DNA or DNA or

RNA derived from recombinant DNA

into one or more human subjects under
Section I-A-l, and that are determined
appropriate for RAC review and NIH
Director consideration shall be
considered as a Major Action, except
that the NIH Director will make a

recommendation to the FDA
Commissioner who will make the final

decision on the proposed experiment.”

Sections III-B-2 and -3 is proposed to

be deleted:

"Section lH-B-2. Accelerated Review of
Human Gene Transfer Experiments

“As determined by NIH/ORDA, in

consultation with the RAC Chair and
one or more RAC members, as

necessary, certain categories of human
gene transfer experiments may be
considered as Minor Actions and
qualify for Accelerated Review and
approval (see' Section IV-C-l-b-(2)-(a),
Appendix M—III-A, and Appendix M-
V). The RAC Chair will present a report

of all NIH/ORDA approved human gene
transfer protocols -at the next regularly

scheduled RAC meeting. If NIH/ORDA
determines that an experiment does not

qualify for the Accelerated Review
process, the Principal Investigator must
submit the proposal for full RAC review
2: 8 weeks prior to the next scheduled
RAC meeting (See Section III-A-2).

“Section UI-B-3. Minor Modifications to

Human Gene Transfer Experiments

“A minor modification in a human
gene transferprotocol is a modification
that does not significantly alter the basic

design of the protocol and that does not
increase risk to human subjects or the

environment After approval has been
obtained by the relevant Institutional

Biosafety Committee and Institutional

Review Board, NIH/ORDA will Consider
the change in consultation with the RAC
Chair and one or more RAC members,
as necessary. Submit minor
modifications to the Office of
Recombinant DNA Activities, National
Institutes of Health, Building 31, Room
4B11, Bethesda, Maryland 20892, (301)
496-9838. The RAC Chair will provide
a report on any such approvals at the

next regularly scheduled RAC meeting.”

Section IH-C-7 (Experiments that

Require Institutional Biosafety

Committee Approval Before Initiation/

Human Gene Transfer Experiments Not
Covered by Sections III-A-2, III-B-2,

m-B-3, and Not Considered Exempt
Under Section V-U) is proposed to be
deleted:

“Section III—C-7. Human Gene
Transfer Experiments Not Covered by
Sections HI-A-2, IH-B-2, IU-B-3, and
Not Considered Exempt Under Section
V-U

“Certain experiments involving the
transfer of recombinant DNA or DNA or
RNA derived from recombinant DNA
into one or more human subjects that

are not covered by Sections III-A-2 , III-

B-2, IU-B-3, and that are not
considered exempt under Section V-U
must be registered with NIH/ORDA. The
relevant Institutional Biosafety

Committee and Institutional Review
Board must review and approve all

experiments in this category prior to

their initiation."

Section IV--B-4-e-(5) (Roles and
Responsibilities/Responsibilities of the
Principal Investigator During the

Conduct of Research) is proposed to be
inserted:

“Section IV-B-4-e-(5). Comply with
semi-annual data reporting and adverse
event reporting requirements for FDA-
approved human gene transfer

experiments (see Appendix M-I-C).”
Section IV—C—1-h—(l)

(Responsibilities of die National
Institutes of Health/Specific .•

Responsibilities) currently reads:

“Section IV-C-l-b-{l). Major
Actions. To execute Major Actions, the
NIH Director shall seek the advice of the
RAC and provide an opportunity for

public and Federal agency comment.
Specifically, the Notice of Meeting and
Proposed Actions to the NIH Guidelines
shall be published in the Federal
Register at least 15 days before the RAC
meeting (not applicable for Expedited
Review single patient human gene
transfer experiments considered under
Appendix M-VI). The NIH Director’s

decision, at his/her discretion, may be
published in the Federal Register for 15
days of comment before final action is

taken. The NIH Director’s final decision,

along with responses to public

comments, shall be published in the
Federal Register. The RAC and
Institutional Biosafety Committee Chairs

shall be notified of the following

decisions:”

Section IV-C-l-b-(l) is proposed to

read:

“Section IV-C-l-b-(i). Major
Actions. To execute Major Actions, the
NIH Director shall seek the advice of the

RAC and provide an opportunity for

public and Federal agency comment
Specifically, the Notice of Meeting and
Proposed Actions shall be published in

the Federal Register at least 15 days
before the RAC meeting. The NIH
Director’s decision/recommendation, at

his/her discretion, may be published in

the Federal Register for 15 days of

comment before final action is taken.

The NIH Director’s final decision/

recommendation, along with responses

to public comments, shall be published

in the Federal Register. The RAC and
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Institutional Biosafety Committee Chairs

shall be notified of the following

decisions:”

Section IV-C-l-b-{l}-{d) currently

reads:

“Section IV-C-l-b—

(

1 )—(d)-

Permitting experiments specified by

Section LU-A;"
Section IV-C-l-b-{l}-{d) is proposed

to read:

“Section IV—C—1—b—(lj—(d).

Permit ting experiments specified by

Section DI-A-1;”
Section IV-C-l-b-(l)-{e) is proposed

to be included
“Section IV-C-l-b-OWe).

Recommendations made by the NIH
Director to the FDA Commissioner
regarding RAC-reviewed human gene

transfer experiments (see Appendix M-
1-B);“

Renumber remaining sections in IV-

C—1—b—(l).
Sections IV-G-1—b-{2)—a and —(b)

(Responsibilities of the National

Institutes of Health/Minor Actions) is

proposed to be deleted:

"Section IV-C-l-b-{2Ha). Reviewing

and approving certain experiments

involving the deliberate transfer of

recombinant DNA or DNA or RNA
derived from recombinant DNA into one

or more human subjects that qualify for

,
the Accelerated Review process (see

Section E-B-2);
“Section IV-C-l-b—

(

2 )—(b).

Reviewing and approving minor
changes to human gene transfer

protocols under Section HI-A-2 and III—

B-2;"
Renumber remaining sections in IV-

C-l-b-(2).
Section IV-C-3 (Responsibilities of

the National Institutes of Health/Office

of Recombinant DNA Activities)

currently reads:

"Section IV-C-3. Office of

Recombinant DNA Activities (ORDA)
“ORDA shall serve as a focal point for

information on recombinant DNA
activities and provide advice to all

within and outside NIH including

institutions, Biological Safety Officers,

Principal Investigators, Federal

agencies, state and local governments,

and institutions in the private sector.

ORDA 6hall carry out such other

functions as may be delegated to it by
the NIH Director, Including those

authorities described in Section IV-C-
1—b—(2). ORDA *8 responsibilities

include, but are not linuted to the

following:

"Section IV-C-3-a. Reviewing and
approving experiments in conjunction

with ad hoc experts involving the

cloning of genes encoding for toxin

molecules that are lethal for vertebrates

at an LDy> £100 nanograms per kilogram

body weight in organisms other than

Escherichia coli K-12 (see Section III—

B~1 and Appendices F-4 and F—II);

“Section IV-C-3—b. Reviewing and
approving certain experiments
involving the deliberate transfer of

recombinant DNA or DNA or RNA
derived from recombinant DNA into one
or more human subjects, in consultation

with the RAC Chair and one or more
RAC members, as necessary, that qualify

for the Accelerated Review process (see

Section HI—B

—

2);

“Section IV-C-3—c. Reviewring and
approving minor changes to human
gene transfer protocols approved under
Sections IH-A-2 and IH-B-2 , in

consultation with the RAC Chair and
one or more RAC members, as

necessary;

“Section IV-G-3-cL Reviewring and
approving the membership of an
institution's Institutional Biosafety

Committee, and where it finds the

Institutional Biosafety Committee meets
the requirements set forth in Section IV-
B-2 will give Its approval to the

Institutional Biosafety Committee
membership;

“Section IV-C-3-e. Publishing in the

Federal Register:

“Section IV-G-3-e-(l).

Announcements ofRAC meetings and
agendas at least 15 days in advance
(NOTE—If the agenda for a RAC
meeting is modified, ORDA shall make
the revised agenda available to anyone
upon request at least 72 hours in

advance of the meeting);

“Section IV-C-3-e-{2). Proposed
Major Actions to the NIH Guidelines

(see Section IV-C-l-b-(l)) at least 15

days prior to the RAC meeting;
“Section IV-C-3-f. Serve as the focal

point for data management of NIH-
approved human gene transfer protocols

approved under Sections IH-A-2 and
IB-B-2 and registered with NIH/ORDA
as required under Section I13-C-7;

“Section IV-C-3-g. Serve as the

executive secretary of the RAC; and
“Section IV-C—3-h. Maintain a list of

Major and Minor Actions approved
under Section III—A—2 and HI—B-3 and
a list of experiments registered with
NIH/ORDA as described in Section III—

C~7.“
Section IV-C-3 is proposed to read:

“Section IV-C-3. Office of

Recombinant DNA Activities (ORDA)
"ORDA shall 6erve as a focal point for

information on recombinant DNA
activities and provide advice to all

within and outside NIH including

Institutions, Biological Safety Officers,

Principal Investigators, Federal

agencies, state and local governments,

and institutions in the private sector.

ORDA shall carry out such other

functions as may be delegated to it by
the NIH Director. ORDA's
responsibilities include, but are not
limited to the following:

“Section IV—C—3—a. Reviewing and
approving experiments in conjunction
with ad hoc experts involving the

cloning of genes encoding for toxin

molecules that are lethal for vertebrates

at an LD50 <100 nanograms per kilogram
body weight in organisms other than
Escherichia coli K-12 (see Section III—

B-l and Appendices F-I and F—II);

“Section IV-C-3-b- Evaluating

human gene transfer protocols

(transmitted by the FDA) for the

necessity for RAC review (see Appendix
M-I-A).

“Section IV-C-3-c. Reviewing and
approving the membership of an
institution’s Institutional Biosafety

Committee, and where it finds the

Institutional Biosafety Committee meets
the requirements set forth in Section IV-
B-2 will give its approval to the

Institutional Biosafety Committee
membership;

“Section rV-C-3-d. Publishing in the

Federal Register:

“Section IV-C-3-d-(l).
Announcements of RAC meetings and
agendas at least 15 days in advance
(NOTE—If the agenda for a RAC
meeting is modified, ORDA shall make
the revised agenda available to anyone
upon request at least 72 hours in

advance of the meeting);
“Section IV-C-3-d-{2). Proposed

Major Actions (see Section IV-C-l-b-

( 1 )) at least 15 days prior to the RAC
meeting;
“Section IV-C-3-e. Serve as the focal

point for data management of FDA-
approved human gene transfer protocols

(see Appendix M-I-C-2);

“Section IV-G-3-L Serve as the

executive secretary of the RAC; and
“Section IV-C-3-g. Maintain a list of

Major Actions recommended for

approval by the NIH Director to the FDA
Commissioner, under Section HI-A-2.”

Section V-U and V-V (Footnotes and
References of Sections I—IV) is proposed
to be deleted:

“Section V-U. Human studies in

which the induction or enhancement of

an immune response to a vector-

encoded microbial immunogen is the

major goal, such an immune response

has been demonstrated in model
systems, and the persistence of the

vector-encoded immunogen is not

expected, are not covered under
Sections III-A-2 , IH-B-2. or III-B-3.

Such studies may be Lnitiatod without

RAC review and NIH approval if

approved by another Federal agency.

“Section V-V. For recombinant DNA
experiments in which the intent Is to

[6]
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modify stably the genome of cells of one

or more human subjects (see Sections

ffl-A-2, m-B-2, and m-B-3)."
Renumber Section V-W to Section V-

U.
Appendix M is revised to read as

follows:
"Appendix M. Human Gene Transfer

Experiments
“Appendix M-I. Human Gene

Transfer Experiments—Submission

Requirements
"Appendix M—I—A. Human Gene

Transfer Experiments—Submission to

the FDA
"In the interest of maximizing the

resources of both the NIH and the FDA
and in simplifying the method and
period for review, research protocols

involving the deliberate transfer of

recombinant DNA or DNA or RNA
derived from recombinant DNA into

human subjects will be submitted

directly to the FDA and considered

through a consolidated review process

involving both the FDA and the NIH.

Submission will be in the format

required by the FDA and the same
format will be used by the RAC when
public review is deemed necessary.

Upon receipt, FDA will transmit all

human gene transfer protocols to the

NM/ORDA. FDA and NIH/ORDA will

simultaneously evaluate the protocol for

possible RAC review. Protocols shall be
submitted to the Director of the Division

of Cellular and Gene Therapies, Office

of Therapeutics Research and Review,

Center for Biologies Evaluation and
Research, Food and Drug
Administration, 1401 Rodtville Pike,

HFM-515, Rockville, Maryland 20852-

1448, (301) 496-4709.

"Appendix M-I-B. Human Gene
Transfer Experiments Requiring RAC
Review and NIH Director Consideration
"Appendix M-I-B-l . Factors that

may contribute to the need for RAC
review include: (i) novel approaches, (ii)

new diseases, (iii) unique applications

of gene transfer, and (iv) other issues

that require further public review.

Whenever possible, Principal

Investigators will be notified within 15

working days following receipt of the

submission whether RAC review will be
required (RAC reviewed applications

will be forwarded to RAC primary
reviewers 8 weeks prior to the next

quarterly RAC meeting).

"Appendix M-I-B-2. Written

comments submitted by the RAC
primary reviewers shall be submitted to

NIH/ORDA£4 weeks before the RAC
meeting at which the protocol will be
reviewed.
"Appendix M-I—B—3. Written

responses (including critical data in

response to the primary reviewers’

comments) shall be submitted by the

Principal Investigator to NIH/ORDA £2

weeks before the RAC meeting at which
the protocol will be reviewed.

"Appendix M-I-B-4. Principal

Investigators will limit their oral

responses to the RAC only to those

questions that are raised during the

meeting. Oral presentations of

previously submitted material and/or

critical data that was not submitted >2

weeks prior to the RAC meeting are

prohibited.

"Appendix M-T-B-5. The RAC
primary reviewers’ comments should
include the following:

“Appendix M-I-B-5-a. Emphasize
the issues related to gene marking, gene
transfer, or gene therapy.

"Appendix M-I-B-5-b. Examine the

scientific rationale, scientific context

(relative to other proposals reviewed by
the RAC), whether preliminary in vitro

or in vivo data were obtained in

appropriate models and are sufficient,

and whether questions related to safety,

efficacy, and sodal/ethical

considerations have been resolved.

"Appendix M-I-B-5-c. RAC primary
reviews should state whether the

proposal is: (i) acceptable as written, (ii)

expected to be acceptable with specific

revisions or after satisfactory responses

to specific questions raised on review,

or (iii) unacceptable in its present form.

“Appendix M-I-B-6. Following
public review, the RAC's
recommendations regarding the

proposal will be transmitted to the NIH
Director for consideration.

“Appendix M-I-B-7. The NIH
Director’s recommendation regarding

the proposal will be transmitted to the

FDA Commissioner.
"Appendix M-I-C Human Gene

Transfer Experiments—NIH and FDA
Reporting Requirements
"Appendix M-I-C-l. Adverse Event

Reporting
"Principal Investigators who have

received approval from the FDA to

initiate a human gene transfer protocol

must report any serious adverse event

immediately to the local Institutional

Review Board, the NIH Office for

Protection from Research Risks, Director

of the Division of Cellular and Gene

Therapies/FDA, and NIH/ORDA
followed by the submission of a written

report filed with each group. Reports
submitted to NIH/ORDA shall be sent to

the Office of Recombinant DNA
Activities, National Institutes of Health,

6006 Executive Boulevard, Suite 323,
Bethesda, Maryland 20892-7052, (301)
496-9838.

"Appendix M-I-C-2. Semi-Annual
Data Reporting

"Principal Investigators who have
received approval from the FDA to

initiate a human gene transfer protocol

shall be required to comply with semi-
annual data reporting requirements.

Semi-annual Data Reporting forms will

be forwarded by NIH/ORDA to the

Fhindpal Investigators. Data submitted
in these reports will be evaluated by
NIH/ORDA and reviewed by the RAC at

its next regularly scheduled meeting.”

OMB’s "Mandatory Information

Requirements forfe^gral Assistance

Program Announcements” (45 FR
39592, June 11, 1980) requires a

statement concerning the official

government programs contained in the

Catalog of Federal Domestic Assistance.

Normally, NIH lists in its

announcements the number and title of

affected individual programs for the

guidance of the public. Because the

guidance in this notice covers not only

virtually every NIH program but also

essentially every Federal research

program in which DNA recombinant
molecule techniques could be used, it

has been determined not to be cost

effective or in the public interest to

attempt to list these programs. Such a

list would likely require several

additional pages. In addition, NIH could

not be certain that every Federal

program would be included as many
Federal agencies, as well as private

organizations, both national and
international, have elected to follow the

NIH Guidelines. In lieu of the

individual program listing, NIH invites

readers to direct questions to the

information address above about

whether individual programs listed in

the Catalog of Federal Domestic
Assistance are affected.

Dated: August 10, 1994.

John K. Uzzell,

Acting Deputy Directorfor Science Policy and
Technology Transfer.

[FR Doc. 94-20826 Filed 8-22-94; 8:45 am)

BILUNG CODE 4140-01-P
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DEPARTMENT OF HEALTH AND HUMAN SERVICES
NATIONAL INSTITUTES OF HEALTH

RECOMBINANT DNA ADVISORY COMMITTEE
MINUTES OF MEETING 1

September 12-13„ 1994

The Recombinant DNA Advisory Committee (RAC) was convened for its fifty-ninth

meeting at 9:00 a.m. on September 12, 1994, at the National Institutes of Health, Building

31, Conference Room 6, 9000 Rockville Pike, Bethesda, Maryland 20892. Dr. LeRoy B.

Walters (Chair) presided. In accordance with Public Law 92-463, the meeting was open to

the public on September. 12 from 9 a.m. until 5 p.m. and September 13 from 8:30 a.m.

until 3:30 p.m. In accordance with Section 552 b(c)(4), Title 5, U.S.C. and Section 10(d)

of Public Law 92-463, the meeting was closed to the public on September 12 from 5-5:30

p.m. to review, discuss, and evaluate proprietary information. The following were present

for all or part of the meeting:

Committee Members:

Alexander M. Capron, University of Southern California

Gary A. Chase, Georgetown University Medical Center

Patricia A. DeLeon, University of Delaware

Roy H. Doi, University of California, Davis

Krishna R. Dronamraju, The Foundation of Human Genetics

Robert P. Erickson, University of Arizona

David Ginsburg, University of Michigan

Abbey S. Meyers, National Organization for Rare Disorders

A. Dusty Miller, Fred Hutchinson Cancer Research Center

Arno G. Motulsky, University of Washington

Robertson Parkman, Children’s Hospital of Los Angeles

Gail S. Ross, Cornell University Medical Center

Bratin K. Saha, Emory University

R. Jude Samulski, University of North Carolina

Marian G. Secundy, Howard University College of Medicine

Brian R. Smith, Yale University School of Medicine

Stephen E. Straus, National Institutes of Health

LeRoy B. Walters, Kennedy Institute of Ethics, Georgetown University

Doris T. Zallen, Virginia Polytechnic Institute & State University

Executive Secretary:

Nelson A. Wivel, National Institutes of Health

A committee roster is attached (Attachment I).

*The RAC is advisory to the National Institutes of Health (NIH), and its

recommendations should not be considered as final or accepted. The Office of

Recombinant DNA Activities should be consulted for NIH policy on specific issues.
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Ad Hoc Consultant

Harold Ginsberg, National Institutes of Health/Columbia University

Liaison Representative:

Daniel Jones, National Endowment for the Humanities

National Institutes of Health staff:

Bobbi Bennett, OD
Michael Blaese, NCI
Diane Bronzert, NCI
Sarah Carr, OD
Jan Casadei, NCI
Judith Castellucci-Muhlhauser, NIA
Daryl Chamblee, OD
John Chiorini, NHLBI
Chin-Shyan Chu, NHLBI
Marinee Chuah, NHLBI
Corrado Cirielli, NIA
Stephen Epstein, NHLBI
Toren Finkel, NHLBI
Judy Fradkin, NIDDK
Jay Greenblatt, NCI
Barry Goldspiel, CC
Christine Ireland, OD
Sachiko Kajigaya, NHLBI
Masako Kawase, NHLBI
Robert Kotin, NHLBI
Becky Ann Lawson, OD
Catherine McKeon, NIDDK
Suzanne Medgyesi-Mitschang, OD
Hiroaki Mizukami, NHLBI
David Nelson, NCHGR
Jay Ramsey, NCHGR
Melissa Rosenfeld, NCHGR
Brian Safer, NHLBI
Gwen Shafer, NCI
Dorothy Soew, NCRR
Debra J. Wilson, OD
Thomas Shih, OD
Thieny Vanden, NHLBI
Harold Varmus, OD
Stephen Wiener, NHLBI
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Others:

Paul Aebersold, Food and Drug Administration

Sandra Afiome, Johns Hopkins University

Abass Alavi, University of Pennsylvania

Jane Alavi, University of Pennsylvania

Stephen Albelda, University of Pennsylvania

Tom Alonzo, GenVec, Inc.

Robert Anderson, Food and Drug Administration

W. French Anderson, University of Southern California

Carlos Arteaga, Vanderbilt University

Estuardo Aguilar, Baylor College of Medicine

Robert Beall, Cystic Fibrosis Foundation

Bari Bialos, New York Hospital

Bridget Binko, Cell Genesys

John Bishop, Food and Drug Administration

Gary Boch, Life Technologies, Inc.

Ernst Boehnlein, Progenesys

Arindam Bose, Pfizer Central Research

Andrew Braun, Harvard University

Gracia Buffleben, Breast Cancer Action

Parris Burd, Food and Drug Administration

James Bylund, Quality Biotech

Ira Carmen, University of Illinois

Barry Carter, Targeted Genetics Corporation

Jan Chappell, Genetic Therapy, Inc.

Saswati Chatteijee, City of Hope National Medical Center

Yawen Chiang, Genetic Therapy, Inc.

Carol Conrad, Johns Hopkins University

Ronald Crystal, New York Hospital

Kenneth Culver, Iowa Methodist University

Karen Darcy, Magenta Corporation

Wanda deVlaminck, Avigen

Blythe Devlin, Duke University

Lori Doyle, University of Pennsylvania

Anne Driscoll, Fox, Bennett, & Turner

Stephen Eck, University of Pennsylvania

Jim Embree, Systemix

Suzanne Epstein, Food and Drug Administration

Terry Flotte, Johns Hopkins University

Jeffrey Fox, Private Journalist

Joyce Frey, Food and Drug Administration

Ingo Georgoff, Quality Biotech

Eva Giesan, French Cystic Fibrosis Association

Christine Ginsberg, Georgetown University
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Igor Gonda, Genentech, Inc.

Christine Gorman, Time Magazine

Angus Grant, Food and Drug Administration

Tina Grasso, GenVec, Inc.

Nicolaas Groot, The Netherlands Health Department

Mariann Grossman, University of Pennsylvania

Bill Guggino, Johns Hopkins University

Jeff Gustavson, Act Up, Goldengate

Paul Hallenbeck, Genetic Therapy, Inc.

Jacqueline Hampton, Weinberg Consulting Group
Elie Hanania, MD Anderson Cancer Center

Rebecca Harmon, University of Pennsylvania

Jeffrey Holt, Vanderbilt University

Joseph Hughes, Quality Biotech

Edie Irvine, Genetic Therapy, Inc.

Jeffrey Isner, St. Elizabeth’s Medical Center

John Jaugstetter, Genentech, Inc.

Alice Johnson, Virginia Breast Cancer Foundation

Susan Jones, Virus Research Institute

Larry Kaiser, University of Pennsylvania

Katherine Kaufmann, GenVec, Inc.

Connie Kirby, Canji, Inc.

Steve Kradjian, Vical, Inc.

Toshi Kotani, Genetic Therapy, Inc.

Imre Kovesdi, GenVec, Inc.

Alex Kuta, Food and Drug Administration

Eugene LaBrec, E.H. LaBrec & Associates

Jane Lebkowski, Applied Immune Sciences, Inc.

David Levitt, University of Maryland

Charles Link, Iowa Methodist University

H. Kim Lyerly, Duke University

Gail Maderis, Genzyme Corporation

Tamie Malaska, Targeted Genetics Corporation

Dan Maneval, Canji, Inc.

Phillip Maples, Baxter Healthcare Corporation

Tony Marcel, TMC Development

Stephen Marcus, Genetic Therapy, Inc.

Michael McCaughan, FDC Reports

Gerard McGarrity, Genetic Therapy, Inc.

R. Scott Mclvor, University of Minnesota

Bruce Merchant, Viagene, Inc.

Andra Miller, Food and Drug Administration

Ron Morales, Harvard University

Richard Moscicki, Genzyme Corporation

Philip Noguchi, Food and Drug Administration

Sheryl Osborne, Viagene, Inc.
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John Park, University of California, San Francisco

Virginia Parks, Project Inform

Nicholas Pelliccione, Schering-Plough Research Institute

Anne Petruska, The Pink Sheet

Ramila Philip, Applied Immune Sciences, Inc.

John Powderly, Georgetown University

Raj Puri, Food and Drug Administration

Thomas Reynolds, Targeted Genetics Corporation

Rex Rhein, Biotechnology Newswatch

Cindy Richards, Burroughs Wellcome Company
David Robertson, Vanderbilt University

Mark Roffman, GenVec, Inc.

Carolyn Roitsch, Transgene

Joseph Rokovich, Somatix Therapy Corporation

Beryl Rosenstein, Johns Hopkins University

Bruce Schackman, The CTI Group

Richard Schifreen, Life Technologies, Inc.

Richard Scotland, Genzyme Corporation

Steve Shak, Genentech, Inc.

Terry Sharrer, National Museum of American History

Tomiko Shimada, Ambience Awareness International, Inc.

Juliet Singh, Baxter Healthcare Corporation

William Small, BioConferences International, Inc.
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I. CALL TO ORDER

Dr. Walters (Chair) called the meeting to order and stated that notice of the meeting and

proposed actions were published in the Federal Register on August 23, 1994 (59 FR 43426)

as required by the NIH Guidelines for Research Involving Recombinant DNA Molecules

(NIH Guidelines). He noted that a quorum was present and outlined the order in which

speakers would be recognized. The primary and secondary reviewers will present their

comments regarding the proposal, followed by responses from the principal investigators

(Pis). The Chair will then recognize other committee members, ad hoc consultants, other

NIH and Federal employees, the public who have submitted written statements prior to

the meeting, followed by the public at large.

Dr. Walters welcomed two new scientific members to the RAC: (1) Robert P. Erickson,

M.D., Professor, Department of Pediatrics, Molecular and Cellular Biology, University of

Arizona, Tucson, Arizona; and (2) R. Jude Samulski, Ph.D., Director, Gene Therapy

Center, University of North Carolina, Chapel Hill, North Carolina.

Overview

Dr. Walters mentioned that the Office of Recombinant DNA Activities (ORDA) has

moved to a new office space located at 6006 Executive Boulevard, Suite 323, MSC 7052,

Bethesda, Maryland 20892-7052. The telephone and FAX numbers are unchanged, Phone

(301) 496-9838/FAX (301) 496-9839. Dr. Harold Varmus, Director of NIH, is to address

the RAC regarding RAC review criteria. It was noted that 8 protocols will be reviewed at

this meeting, 2 on cystic fibrosis, 4 on cancer, 1 on mild Hunter syndrome, and another on
peripheral artery disease. One protocol by Dr. Jack L. Gluckman has been withdrawn.

There will be a discussion on the proposed actions to the NIH Guidelines regarding NIH
and Food and Drug Administration (FDA) consolidated review of human gene transfer

protocols.

Dr. Walters stated that the RAC has approved 57 gene therapy protocols (47 approved by

the NIH Director) and 24 gene marking protocols (22 approved by the NIH Director).

Dr. Walters noted an article published by Dr. James Wilson and his colleagues on their

study of familial hypercholesterolemia (Protocol #9110-012) in Nature Genetics (Vol. 6,

pp. 335-341, 1994), with an accompanying commentary by David Weatherall in the same
issue of the journal (pp. 325-326). There is correspondence in the same journal (Vol. 7,

pp. 349-350) by Michael S. Brown, Joseph L. Goldstein, Richard J. Havel and David
Steinberg questioning the interpretation of the results from the first patient study. These
authors also proposed a set of criteria for evaluating success of gene therapy data on
familial hypercholesteremia.

Dr. Walters announced that the FDA will hold a public meeting to discuss gene vector

production issues immediately following the first day of the RAC meeting. Notice of this

meeting was published in the Federal Register on August 30, 1994 (59 FR 44739).
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In his review of approved protocols, Mr. Capron noted a discrepancy in the number of

gene marking protocols that was approved by the RAC and that by the NIH Director.

The total should be 24 for both approvals.

II. CHAIR REPORT ON MINOR MODIFICATIONS TO NIH-APPROVED HUMAN GENE
TRANSFER PROTOCOLS/DR WALTERS

Dr. Walters stated that 10 minor modifications were approved to the following human
gene transfer protocols since the June 9-10, 1994, RAC meeting:

DATE PROTOCOL# INVESTIGATORS

6/23/94 9206-018 Malcolm Brenner

7/05/94 9312-059 Edward Oldfield, Zvi Ram

7/11/94 9306-043 Hilliard Seigler

7/11/94 9306-048 Jeffrey Galpln, Dennis Casciato

7/11/94 9312-062 Richard Haubrich

7/11/94 9403-068 Joseph Rosenblatt

7/13/94 9303-037 Kenneth Culver, John VanGilder

8/31/94 9303-041 Robert Wilmott, Jeffrey Whitsett, Bruce Trapnell

8/31/94 9212-035 James Wilson

8/31/94 9303-038 Helen Heslop, Malcolm Brenner, Qiona Rooney

III. CHAIR REPORT ON ACCELERATED REVIEW OF HUMAN GENE TRANSFER
PROTOCOLS/DR WALTERS

Dr. Walters stated that the RAC and ORDA have approved the first human gene transfer

protocol under the newly adopted Accelerated Review process. On August 3, 1994,

NIH/ORDA approved the protocol submitted by Dr. Jonathan Simons, Johns Hopkins

Oncology Center, Baltimore, Maryland, entitled:
"
Phase I/II Study ofAutologous Human

GM-CSF Gene Transduced Prostate Cancer Vaccines in Patients with Metastatic Prostate

Carcinoma (Protocol #9408-082). Dr. Simons’ protocol was eligible for Accelerated

Review under the category entitled: "Lethally Irradiated Tumor Cells/No Replication

Competent Virus-RAC-approved vector constructs with minor modifications/additional

tumor cells."

IV. MINUTES OF THE JUNE 9-10, 1994, MEETING

The RAC approved a motion made by Dr. Smith and seconded by Dr. Dronamraju to

accept the June 9-10, 1994, RAC minutes by a vote of 17 in favor, 0 opposed, and 1

abstention.

V. DATA MANAGEMENT UPDATE/DR SMITH
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Dr. Smith, Chair of the Working Group on Data Management, noted the following items

of correspondence that were included in the meeting materials. Dr. Michael Knowles

(Protocol #9303-042) reported in his cystic fibrosis study that adenovirus vector (Ad5-CB-

CFTR) could be cultured on 293 cells from nostril swabs up to 1 to 2 days after dosing;

and by a more sensitive polymerase chain reaction (PCR) assay, the vector sequences

were detected up to 5 days. There are two adverse events reported in association with the

brain tumor protocols. In Dr. Oldfield’s study to treat leptomeningeal carcinomatosis by

the Herpes simplex thymidine kinase gene/ganciclovir (GCV) strategy (Protocol #9312-

059), one patient developed symptoms of acute meningitis after injection of the vector

producer cells into the meninges through an Ommaya reservoir. In Dr. Culver’s study to

treat glioblastoma multiforme by a similar method (Protocol #9303-037), serious adverse

reactions of neck pain, fever, and hypertension (238/128) were experienced after injection

of the vector producer cells through the Ommaya reservoir.

Ms. Meyers asked if a health care worker could be infected with the adenovirus vector

during those 5 days when the virus is detectable. Dr. Smith said that in the cystic fibrosis

trials, the patients are kept in isolation and are required to wear masks during that period.

Dr. Straus inquired about the frequency of adverse effects when patients receive cells

through the Ommaya reservoir. Dr. Smith said only 1 patient has been treated in Dr.

Oldfield’s protocol, and Dr. Culver reported that he treated 4 patients with only 1 patient

experiencing adverse effects. Dr. Smith added that 15 patients have been treated by Dr.

Oldfield. Dr. Straus asked if the adverse effects had been ever observed in preclinical

studies with animals. Dr. Culver said that he did not have first hand information; but in

other studies, no similar effects have been observed in rodents and rhesus monkeys. The
injected vector producer cells are of mouse origin. Dr. Straus expressed his concern about

the acute adverse reactions in these types of gene therapy protocols and stated that the

cause of the adverse effects should be determined. Dr. Chase asked if patients are told

about the adverse effects and if there is a threshold of adverse events that will trigger

RAC review of the safety issues. Mr. Capron asked if the injection rate or the injection

method could contribute to the adverse effects. Dr. Straus suspected that there is some
kind of immediate hypersensitivity reaction. Mr. Capron remarked that a revised

Informed Consent document should reflect this new knowledge about risks. Ms. Meyers

asked if there is any benefit to the treated patients. Dr. Culver said that the first patient

is in satisfactory condition although there is no sign of tumor size change by magnetic

resonance imaging (MRI). The second patient’s tumor is close to the ventricle, and Dr.

Culver suspects that cell leakage into the meningeal space may have contributed to the

adverse effects. Tests showed no evidence of infection. Dr. Parkman reminded RAC
members that these are Phase I toxicity studies not designed to evaluate efficacy, and it is

not appropriate to ask investigators to demonstrate efficacy.

Dr. Smith said that the adverse effects will be closely followed up in the upcoming data

management report at the December RAC meeting. Dr. Dronamraju asked if a revised

Informed Consent document addressing the adverse effects should be submitted for RAC
review. Mr. Capron said that the local Institutional Review Board (IRB) should be
informed and necessary changes in the Informed Consent document can be made and
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reviewed by RAC members if necessary. Dr. Straus emphasized that if adverse events can
be avoided in the future by a minor change of the procedure or premedication, no
revision of the Informed Consent document is needed.

Dr. Walters welcomed Ms. Daryl A (Sandy) Chamblee, Acting Deputy Director for

Science Policy and Technology Transfer at NIH and Dr. Harold Varmus, the NIH
Director, to the meeting.

VI. DISCUSSION REGARDING CRITERIA FOR RAC REVIEW AND APPROVAL OF
HUMAN GENE TRANSFER PROTOCOLS/DR VARMUS

Dr. Walters welcomed Dr. Varmus, the NIH Director, to the RAC noting that Dr. Varmus
has a longstanding interest in gene therapy and was one of the original members of

Human Gene Therapy Subcommittee of the RAC. Dr. Varmus made a proposal to form
an ad hoc committee to review RAC activities, particularly the criteria by which RAC
approves human gene therapy protocols. The reason for making this suggestion was

threefold. First, during a meeting of the National Task Force on AIDS Drug

Development chaired by Dr. Philip R. Lee, Assistant Secretary for Health, Department of

Health and Human Services, which was held on July 18, 1994, at Arlington, Virginia, many
concerns were raised regarding the slowness of the review process that affects investigators

initiating gene therapy protocols to study aquired immune deficiency syndrome (AIDS).

The current multiple procedures to review these protocols by both the RAC and the FDA
were seen as unnecessarily slow. A one-stop shopping mechanism for consolidated review

of human gene transfer protocols was proposed by Dr. Wivel, Director of ORDA at the

NIH and Dr. Philip Noguchi, Director of the Division of Cellular and Gene Therapies of

FDA The proposal was endorsed by the AIDS Task Force. Second, many investigators

have complained about undue delays in review of gene therapy protocols; for example, the

review criteria are unclear as to the permissibility to use certain vectors. The third reason

derived from Dr. Varmus’ review of a disputed protocol which was approved by a split

vote at the June 1994 RAC meeting (Protocol #9406-073 by David Curiel). Dr. Varmus
was concerned about lack of consensus in review criteria for approval of this protocol, i.e.,

the minimum criterion of no harm to the subjects or the additional requirement that

useful scientific information to be obtained from the experiment in order to justify the

study. He was disturbed by the lack of adequate information to make this decision.

Relevant information of a human study of the same gene by other researchers was not

made available to the investigators in this case, and there were significant questions

regarding the preclinical experiments in mice.

Dr. Varmus proposed the formation of an ad hoc group that could include current or past

RAC members, and those who previously served on the Human Gene Therapy

Subcommittee. At least two major areas would be reviewed. The first area concerns the

domain of RAC activities and the composition of its membership (scientific and public).

The second task is to define the criteria by which gene therapy protocols are evaluated,

e.g., safety, scientific credibility, scientific utility or therapeutic promise. Another issue is

coordination of an application to the RAC with an application to NIH for extramural

funding that is reviewed by an initial scientific merit review group. Should RAC require
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an application to first pass a merit review to assure scientific credibility of the proposal

before its own review? The issue will become important as consolidated review by NIH
and FDA develops. A determination has to be made as to which proposal would require

public review by the RAC. Dr. Varmus said that he is committed to the idea of retaining

RAC purview of gene transfer protocols, especially when the methodology is novel.

Finally, Dr. Varmus wanted an outside committee to provide some guidance for the NIH
Director about how to respond to RAC recommendation for protocol approval, for

example, in the event of a split vote.

Dr. Parkman said that consistency of criteria in evaluating protocols is crucial. The Points

to Consider in the Design and Submission of Protocols for the Transfer of Recombinant DNA
Molecules into the Genome of One or More Human Subjects (Points to Consider) is used as

a yardstick to evaluate a protocol, but the medical, scientific and ethical criteria required

for approval are not clearly defined.

Mr. Capron advanced an idea that review of novel protocols by the RAC should set

standards and expectations that could be used in the future by the FDA in its closed

review of similar protocols not going to be deliberated by the RAC in a public forum.

Points to Consider requires the investigators to address certain issues but does not provide

guidance to judge the adequacy of responses from investigators to these questions. He
said it is an appropriate time for an ad hoc group to articulate these review criteria based

on the accumulated experience the RAC acquired while reviewing individual protocols.

Dr. Varmus agreed that Mr. Capron identified an important problem. He said he is

unsure whether a committee is able to put together a series of guideposts for protocol

review. Even with a seemingly routine cytokine therapy for cancer, an investigator may
propose a slightly different vector that warrants RAC deliberation. Without examining the

submitted application, the appropriateness of a single review by FDA may not always be a

straightforward decision. This is the reason that in the proposed NIH/FDA consolidated

review procedure, a protocol will be evaluated by ORDA/RAC/FDA in order to

determine its suitability to bypass the RAC process.

Dr. Motulsky was strongly in favor of redefining the function of the RAC in dealing with

scientific issues, ethical issues, and its relationship to other committees such as NIH Study

Sections which review proposals for their scientific merit. He noticed the scarcity of

scientifically competent peer reviewers within the RAC to deal with a wide range of

applications, and often in need of referring to ad hoc outside consultants. He proposed

the establishment of RAC to deal with issues unique to gene therapy. RAC was initially

established to address special recombinant DNA aspects of gene therapy as a safety

committee. Dr. Motulsky favored a return to this basic function. Currently, there is a

division between the RAC functioning as a scientific committee and as a broader

committee dealing with informed consent issues. This mixed function has caused some
uneasiness among investigators.

Dr. Miller asked what prompted the AIDS investigators to demand revamping the whole

system of protocol review since there are only a few modest HTV protocols. In his
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opinion, RAC has conducted a good job in bringing out all of the salient points of

reviewed protocols. He agreed with Dr. Motulsky that the RAC occasionally gets bogged
down by the informed consent issues. It was pointed out that proposals previously

approved by the IRBs still contain serious problems that demand RAC attention. FDA
provides more of a technical decision point in the final review process, while RAC reviews

provide protocol evaluation within a larger context. Dr. Miller said when a good protocol

is submitted, it goes through the RAC process very quickly.

Dr. Varmus was concerned about review criteria by which the decisions are made, and the

timing of RAC review vis-a-vis NIH peer review and IRB approval.

Dr. Smith commented that management of data reporting will be expanded in the future

since all protocols, even those that bypass RAC review, will have to report their progress

to the RAC. He asked if there are other functions that are not performed by FDA that

need to be addressed by the RAC.

Dr. Straus said that from his experience of chairing both an IRB and the Institutional

Biosafety Committee (IBC) of NIH, he realized that each committee cannot succeed by

confining itself strictly to ethical or safety issues alone. The RAC should deal with both

aspects of protocols. There is a place for a public debate about the nature of new
approaches, and this aspect of public safety debate is not readily available from FDA Dr.

Straus said that the RAC is already moving in the direction of redefining itself, and he

does not object to the idea that the RAC would confine itself to safety issues.

Dr. Parkman said that 80% of RAC reviewed protocols have yet to pass the NIH initial

peer review. RAC review usually is the first scientific review outside the protocol’s

sponsoring institution. He noticed that Pis very often are the only experts in the field of

gene therapy in their local institutions, and they have to exclude themselves from

reviewing their own protocols. As a matter of fact, RAC is the first place that all facets of

a protocol are closely scrutinized, even though the protocol has been administratively

approved by the local committees.

Dr. Dronamraju said that scientific and ethic issues are interconnected, and he would

favor RAC to be concerned with both type of issues.

Ms. Meyers was concerned about deleting the Points to Consider from the NIH Guidelines,

particularly since the RAC has just revised the informed consent portions of the

document. RAC review of human gene transfer experiments is to assure public

accountability and to protect patients’ rights. She has been very concerned about the

Informed Consent documents. NIH has been sued by families of patients who died in

recent FIAU or fialuridine hepatitis drug trials for inadequate disclosure in the Informed

Consent documents. Ms. Meyers said that the Informed Consent document is an

important part of the protocol, and the RAC as a public body is responsible for assuring

patient protection. More than 50% of Informed Consent documents submitted to the

RAC are inadequate. The AIDS community now realizes that it was a mistake to

accelerate approval of the class of drugs known as reverse transcriptase (RT) inhibitors
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without waiting for the efficacy data, and the same mistake should not be repeated in

gene therapy. Only one disaster will damage the entire new field of human gene therapy.

Dr. Varmus emphasized that redefining the role of the RAC is not totally driven by the

need for fast track approval of human immunodeficiency virus (HIV) protocols. The
current dual review system involving both RAC and FDA is cumbersome. Considering

the rapid increase of gene therapy protocols, it is time to make this process more efficient

in order to maximize the use of resources of NTH and FDA. He reiterated the need of

RAC review since new kind of protocols are being proposed to treat diverse diseases.

Dr. Erickson noted that gene therapy was designed to treat genetic diseases caused by

single gene defects, and now it has expanded into the areas of AIDS and cancer. False

hope for children of genetic diseases is detrimental and the concern for terminally ill

patients with AIDS or cancer is different. He agreed that it is time to redefine the review

criteria.

Dr. Chase agreed that streamlining the review process is a good idea that will permit

RAC to deliberate general issues involved in gene therapy. He pointed out three general

areas for discussion: (1) quality and value of information to be obtained from gene

therapy experiments, (2) indemnifying the subjects for research related costs, and (3)

coordination and information exchange among multiple centers studying the same disease

by the same approach.

Mr. Capron did not share the viewpoints expressed by Dr. Miller and Ms. Meyers that the

system needs no change because of increasing demands of AIDS activists and AIDS
invetigators, but he agreed with the opinion that most Informed Consent documents are

inadequate. The recent revision of the Points to Consider concerning the Informed

Consent states more specifically what is to be included in the document. Mr. Capron
expressed his disappointment with the IRB system in that it has not met its responsibility

to amend all the deficiencies found in the Informed Consent documents. The issue of

compensation for research-injuries is a problem area for most Informed Consent

documents, and there is no government policy to guide this compensation issue. Mr.

Capron stated that the RAC should deliberate gene therapy issues of public concern such

as genetic enhancement and germ line alteration. The time has come for the RAC to

divest itself from reviewing all protocols, not just because of the AIDS community. The
RAC needs to articulate the standards for FDA to approve several types of protocols.

This standard would allow time to deal with the real issues involving intended changes of

inheritable human characteristics, the concern that led to creation of the RAC in the first

place.

Dr. Noguchi stated the FDA’s viewpoint about the role of the RAC. FDA derives its

regulatory oversight over gene therapy by promulgation of regulations based on the Food,

Drug and Cosmetic Act (revised) (FD&C Act) and Section 351 of the Public Health

Service Act (PHS Act). Historically, FDA is mandated by law to do things that are

codified in the Code of Federal Regulations (CFR). The RAC by contrast is not a

creation of law and is most appropriate to deal with issues not readily addressed at FDA.
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Dr. Noguchi said that publicly funded gene therapy studies should be reviewed publicly.

One imminent issue is gene enhancement therapy. Human fibroblasts can be gene-

modified to produce human grown hormone. Should this kind of gene therapy be tried in

children of short stature? There is no easy mechanism to have timely debate of these

issues at FDA. The public advisory committees of FDA are geared towards approval of

Phase n/III clinical trials and final approval of drugs. There is no equivalent committee

functioning like the RAC to deliberate issues of Phase I studies or issues such as prenatal

gene therapy and enhancement therapy. The RAC is a societal body to consider the

question of whether the society is ready to permit these types of gene therapy.

Ms. Meyers inquired if FDA has authority to turn down an experiment with questionable

ethics such as transferring human growth hormone gene in a short child. Dr. Noguchi said

that FDA has little designated authority to do that, and no ready mechanism to deliberate

this issue publicly in a timely fashion. Furthermore, FDA does not have bioethicists

available to review this kind of ethics question. Ms. Meyers asked if FDA reviews the

Informed Consent document. Dr. Noguchi said that FDA does have a regulation that

requires investigators to obtain approval from their IRB, but that RAC can more easily

recommend useful guidelines for evaluation of informed consent. Dr. Ross said that

knowledge of the functions of other government agencies is helpful in defining the RAC
role.

Dr. Tony Marcel (TMC Development, Paris, France) commented that the RAC has

international impact. Through the open RAC meetings and distribution of its minutes,

international audiences are informed about the present concerns relative to gene therapy.

Mr. Jeff Gustavson from ACT-UP-Goldengate, San Francisco, California, said that the

AIDS community favors the RAC review in a public forum so that the community’s

concern can be channeled into the review process.

Dr. Varmus said that an important task of the ad hoc group to review RAC activities is to

define the criteria by which a protocol can be reviewed by the one-stop shopping

mechanism without public review in a RAC meeting. This issue is important since too

many applications are expected in the future for the RAC to consider in its public

meeting. Ms. Meyers said that most of these repetitive kinds of studies are very similar,

except consistency of the quality of Informed Consent documents. Dr. Varmus said that

efforts should be made to identify elements, either scientific or related to informed

consent, that require close scrutiny in the Accelerated Review of gene transfer protocols.

Dr. Noguchi commented that even in repetitive type of studies the collection of data

regarding adverse effects will be an important RAC activity.

Dr. Parkman said that recent RAC efforts to define the categories of experiments for

Accelerated Review are in keeping with what Dr. Varmus has just suggested. Mr. Capron

asked whether the proposed NIH/FDA consolidated review will be put in place before the

ad hoc committee review is completed. Dr. Varmus said that he comes to the RAC to

solicit feedback ideas about this proposal. The implementation of the consolidated review
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will have to be coordinated with FDA. The ad hoc review is a long-term process; and it

can proceed in a series of phases, dealing with the immediate streamlining problem first

and then other more difficult issues. Dr. Doi said different ad hoc groups can be formed

to deal with different problems. Dr. Varmus emphasized that he is not coming to the

RAC with a concrete proposal but rather to initiate a process to respond to the changing

field of gene therapy. Dr. Zallen said that no matter what the final outcome of these

changes, the tradition of public openness and public involvement of the RAC should be

continued. Dr. Varmus indicated that he is committed to this tradition. Dr. Walters

thanked Dr. Varmus for his comments to the RAC.

VII. ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING A HUMAN
GENE TRANSFER PROTOCOL ENTITLED: A PHASE I STUDY OFAN ADENO-
ASSOCIATED VIRUS-CFTR GENE VECTOR INADULT CF PATIENTS WITH MILD
LUNG DISEASE/DR, FLOTTE

Review~Dr. Samulski

Dr. Walters called on Dr. Samulski to present his primary review of the protocol

submitted by Dr. Terence R. Flotte of the Johns Hopkins Children’s Center, Baltimore,

Maryland. Cystic fibrosis (CF) is caused by defects in the cystic fibrosis transmembrane

conductance regulator (CFTR) gene. The CFTR gene product is required for regulation

of epithelial chloride transport in multiple organs including the lung airways. CF lung

disease develops gradually over many years as abnormally viscous secretions lead to airway

obstruction, infection, inflammation, and fibrosis. It ultimately may lead to respiratory

failure, which is the cause of death in more than 90% of CF patients. Several protocols

have been approved to employ adenovirus vectors or liposome-based vectors to transduce

the CFTR gene to replace the missing gene function in CF patients. These investigators

have developed an alternative vector system based on adeno-associated virus (AAV).
AAV vectors can have long-term persistence in the host cells, and AAV-CFTR vectors

have been shown to confer stable correction of the physiological defects when
administered to CF bronchial epithelial cells in vitro. Long-term vector expression up to 6

months has been observed in a New Zealand white rabbit model. An additional

advantage of the AAV vector is the absence of wild-type viral coding sequence in the

vector construct that eliminates the possibility of vector-induced inflammatory reactions.

The current protocol is a Phase I study of AAV-CFTR vector administered to the nose

and bronchial epithelium of adult CF patients with mild lung disease. This protocol will

be a dose escalation study to evaluate vector expression and safety. Vector doses ranging

up to 10
10
particles will be administered to the nasal epithelium and through a fiberoptic

bronchoscope to a single lung lobe.

Dr. Samulski asked 6 specific questions. (1) Study cohorts. What is the rationale for the

dose escalation schedule for the nose and lung since the number of target cells are

different? Will patients treated with AAV be excluded from treatment with other vectors,

specifically adenovirus vectors? The investigators answered that the plan is to escalate the

nasal dose in advance of the pulmonary dose escalation. The issue of exclusion has been

discussed at the CF Foundation/FDA Williamsburg Conference, and the consensus was
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that no patients participating in any of the gene therapy studies would be excluded from

future studies. (2) General design of the vector. Dr. Samulski explained that AAV is a

defective, nonpathogenic human virus. This virus has a strict requirement for a helper

virus in order to go through a lytic infection. Without a helper, the virus persists in host

cells that makes it an attractive vehicle for gene transfer. Most of the viral coding

sequences (96%) have been deleted with only the 145 base pair inverted terminal repeats

(1TK) remaining at both ends of the vector. The ITR serves as the promoter to initiate

gene transcription. Dr. Samulski asked if the ITR at the opposite end of the CFTR gene
initiates transcription of an antisense RNA The investigators wrote in a response that

several lines of evidence indicate that this phenomenon, if it occurs, does not block CFTR
expression. (3) Overall production process. Why is the wild-type adenovirus used as the

helper to produce this vector? Since the investigator is using 293 cells for production of

AAV, it is not necessary to use the wild-type adenovirus helper. An Ela-deleted

adenovirus will be sufficient since the 293 cells already have Ela sequences. The
investigators noted that in the present procedure, the adenovirus will be inactivated by

heat treatment. Dr. Samulski commented that the Ela- deleted adenovirus helper offers

another level of biosafety since the vector will not be mobilized in the presence of a wild-

type AAV and a defective adenovirus. (4) Primate studies. The investigator detected

positive vector sequences in the liver of a monkey after a dose of 10
11AAV particles.

How widespread is the presence of vector sequences in the liver and what types of liver

cells express the AAV sequences? How does the vector spread to fiver since it is

administered to the lung? (5) In vivo rescue of AAV-CFTR recombinant. The
investigator presented data in monkeys showing that after administration of the vector to

the lung, the monkey was challenged with adenovirus and wild-type AAV in the nose.

Mobilization of the vector was localized to the nose only. Since the protocol proposes

vector delivery to the nasal passages, does the investigator have any results pertaining to

the spread of vector after delivery to the nose and challenge with adenovirus and AAV?
Dr. Samulski said that the probability for all three viruses to infect the same host cells in

order to effect a productive infection is very small. (6) Efficiency and site-preference of

AAV-CFTR vector integration in a CF bronchial epithelial cell fine. What is the nature

of vector integration? Does the integrated vector express its gene? What is the nature of

the integration site? The investigator addressed these questions in writing. Overall, Dr.

Samulski was pleased to see that the new vector system had progressed to the stage of a

clinical trial in human subjects. It is a biologically safer type of vector since it is derived

from a defective nonpathogenic virus.

Review-Dr. Straus

Dr. Straus commented on the outstanding review by Dr. Samulski. AAV is a potentially

useful vector, and the investigator has performed excellent preclinical studies and

presented a well written proposal. Dr. Straus pointed out his major concern regarding the

persistence of the AAV vector. AAV is a very hardy virus that persists in the

environment. This property does offer an easy means to inactivate other contaminating

viruses by a heating procedure in the production process. Studies performed in the late

1960’s indicated that children with adenovirus respiratory infections shed AAV for a long

period of time in their stool. Dr. Straus stressed that persistent shedding of virus is the
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very issue needed to be discussed further. The investigator indicated that recipients of

AAV-CFTR are still shedding the virus several days after administration. The
decontamination procedure is not articulated. Dr. Straus said that these procedures

should be discussed in terms of their effectiveness and practicality. Overall, Dr. Straus

expressed his satisfaction of the well written protocol.

Review-Dr. Dronamraju

Dr. Dronamraju was satisfied with the written response by the investigator regarding the

question of transduction rate and vector expression. The concern about virus shedding

was not mentioned in the Informed Consent document, and it is unclear why patients

should be advised not to talk to the reporters about their participation in the study. Dr.

Dronamraju asked the investigator to elaborate on the toxicity study in primates.

Other Comments

Dr. Miller indicated that he would abstain from voting on this protocol since he is

associated with a company involved in a part of this study.

Dr. Parkman said this protocol employs a new vector system to treat CF. Since the RAC
has approved several protocols using adenovirus vectors, it would be informative to the

RAC to have investigators of those adenovirus protocols to offer a comparative

assessment as to the pros and cons of these vector systems. He asked if animal studies

are available in which these two vector systems have been compared in parallel. Dr. Doi
asked the investigator to elaborate on the question of immunological responses to the

administration of the AAV vector. Dr. Parkman noted immunological responses will be
particularly pertinent to repeated vector administration. Mr. Capron asked how a subject

would be treated if he or she withdrew from the study while still shedding the virus.

Investigator Response-Dr. Flotte

Dr. Flotte presented animal data to address the question of vector shedding. After

administration of 10
11 AAV-CFTR particles to the right lower lung of a monkey, there

were no detectable vector sequences from day 3 to day 21. The vector assay involved a

PCR using a lysate of 293 cells co-cultured with nasal or bronchial fluid from the infected

monkey in the presence of both adenovirus helper and wild-type AAV. The assay has a

sensitivity of detecting 10 infectious units of AAV-CFTR present in these samples. The
dose of AAV-CFTR used in this experiment is 10 times higher than the highest dose

proposed for the human study.

Responding to the question of decontamination. Dr. Flotte said that in the unlikely event

if a patient is discharged while still shedding the vector, the patient will be instructed to

decontaminate his/her nasal secretions and sputum with a 1% bleach solution. According

to a study performed at Targeted Genetics, Inc. (Seattle, Washington), such a bleach

solution will totally inactivate any wild-type AAV. Dr. Flotte welcomed suggestions from

RAC members as to how to address this problem keeping in mind patient’s overall
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physical and psychological well-being.

Dr. Flotte said that a patient’s used nasal tissues and sputum will be disposed in a bucket

of bleach solution. Dr. Straus noted that this procedure will not prevent virus spreading

by other routes such as aerosol created by coughing or hand to nose contact involving

other individuals. Dr. Parkman expressed his concern about discharging patients who are

actively secreting a vector. All RAC approved protocols require patient isolation until

absence of virus shedding.

Dr. Smith asked if there was virus shedding at sites other than the nose in the monkey
experiment. Dr. Flotte said that samples have been collected from urine and stool but

have not been tested for the presence of vector.

Dr. Miller commented that there is little danger in spreading an AAV vector carrying the

CFTR gene. Ninety percent of the human population already is infected with AAV as

well as adenoviruses. AAV is nonpathogenic, and the vector is completely replication

defective. There is little consequence of transducing a normal CFTR gene to other

individuals since the gene is normally expressed. Dr. Parkman was concerned about the

household contacts when the patients return to their home. The household members do
not sign the Informed Consent document to have gene transfer from the research subjects.

Dr. Miller said that this is the same argument advanced during the approval of other

adenovirus CF protocols. Dr. Samulski said that there are published reports regarding

cellular effects of CFTR being expressed in cells that do not normally express this protein.

It is common sense to play it safe for the first trial of a new vector system. Dr. Chase
remarked even if the AAV-CFTR is harmless, knowingly spreading the laboratory-

produced virus to other individuals is a cause for concern to the general public.

Dr. Flotte said it is unreasonable to isolate patients indefinitely if they continue to shed

virus. It has to be balanced with the problem of patient recruitment and patient’s right to

leave hospital if the patient withdraws from the trial. The contingency position is to give

pertinent information to patients about how to decontaminate the virus. Considering

there are no known adverse effects of spreading the vector, putting great burden on that

particular virus-shedding patient would seem to be inappropriate.

Ms. Meyers asked if it would be acceptable to amend the protocol to state that patients

will be isolated until there is no shedding. Dr. Flotte agreed to this change, but Dr.

French Anderson of University of Southern California raised the issue of prolonged

shedding, i.e., for more than 6 months. Dr. Parkman said that there is a theoretical

possibility that a patient would have to be discharged before shedding stops. Would
household members be required to sign the Informed Consent document for this unlikely

event? Dr. Samulski suggested that the experience of virus shedding from the trials of

adenovirus vectors is a useful reference. In the case of AAV, the likelihood of generating

productive infection is very small since it needs simultaneous infection with 3 viruses.

Dr. Smith asked for clarification of two points: (1) the frequency of subject testing for

virus shedding, and (2) the likelihood that subjects will return not only to home but will go
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back to school or work. He noted that it is not possible to obtain Informed Consent

document from all the potential contacts. Dr. Flotte said that at time zero, right after

vector administration, nasal fluids, bronchial fluids, urine and stool samples will be

collected; and at day 3 and day 10 all samples except the bronchial fluid will be assayed

for the presence of vector. At day 30 and day 60 patients will return for repeat

bronchoscopy, and samples will be taken for vector assay.

Dr. Straus did not believe one could fairly impose prolonged hospitalization. If patients

test positive for vector shedding after 7 or 10 days, they will be sent home but no

additional patients should be recruited until the biology of the vector is better understood.

He would not favor keeping a patient indefinitely, nor could he approve a protocol that

allows many people to go home shedding virus.

Dr. Dronamraju questioned the adequacy of the monkey model in terms of social

behavior. Dr. Parkman said the monkey model is adequate to address the duration of

vector secretion. Patients will be isolated initially for 10 to 14 days to observe vector

shedding either from the initial vector inoculum or due to vector replication. Differences

in the behavioral pattern of monkeys and humans are not significant in this case. But if

there is a long-term persistent secretion, then behavioral pattern will be a significant

factor in the spread of the virus. Regarding Dr. Dronamraju’s question on the number of

patients, Dr. Flotte said that 16 patients are required to test dose escalation with 2

patients in each dose group.

Regarding the question of virus shedding, Dr. D. Ginsburg suggested a study of 1 patient.

If there is no long-term virus shedding in the first patient, RAC members may feel more

comfortable in allowing treatment of additional patients. Dr. Flotte said that each cohort

is separated by an interval of 1 month, and it is agreeable to report back to the RAC
between each cohort. Dr. Straus said if long-term vector shedding is observed in the first

cohort, no other cohort should be started. However, the patients should be allowed to go

home.

Mr. Capron said that the Informed Consent document should be revised to incorporate a

statement that informs subjects that in the event they choose to withdraw from the study

after the vector administration, they will be strongly discouraged from leaving the hospital

until lack of virus shedding has been demonstrated. Although the patients still have the

legal right to leave the hospital, they would be encouraged not to do so under such

circumstances. Dr. Flotte agreed to modify the Informed Consent document to reflect this

concern. Ms. Meyers said that the revised Informed Consent document should be

reviewed by RAC primary reviewers.

Regarding the question of transgene expression, Dr. Flotte made a slide presentation of a

monkey study. In situ PCR was used to detect the AAV-CFTR sequences in bronchial

epithelial cells after vector administration. At 3 dose levels up to 10
11

particles, 13 to 51%
of epithelial cells were found to contain the vector DNA for up to a period of 21 to 90

days. The result was very similar to a more thorough study in rabbits on the question of

transgene expression.
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In regard to the question why the vector was detected in liver after administration to the

lung of a monkey, Dr. Flotte said that the vector was not detected in other parts of the

gastrointestinal system. He speculated that in this particular instance, the vector might

have spread to liver through the blood circulation. Since hepatocytes normally express the

CFTR gene, no adverse effects will be expected.

Responding to a question on the comparative merit of AAV versus adenovirus vectors, Dr.

Flotte said that the main impetus for pursuing CF gene therapy with the AAV vector was

its ability for persistence in infected cells and for long-term expression. AAV-CFTR can

function as an episome and integrates at lower frequency than wild-type AAV but is still

capable of long-term persistence. Since the AAV vector does not contain any viral coding

sequences, it avoids the problem of inflammatory effects caused by expression of viral

proteins of the adenovirus vectors.

Committee Motion

Dr. Straus made a motion to approve the protocol with several contingencies. Dr. Smith

asked for a clarification about the contingency of virus shedding. Dr. Straus said that the

investigator is permitted to proceed with the study cohort by cohort. If the subjects are

still shedding virus 7 to 10 days after vector administration, the subjects will be permitted

to go home with instructions about the decontamination procedure. In addition, the

family members should be asked for consent to be screened for the presence of vector.

The recruitment for other cohort studies will be discontinued until the RAC makes further

recommendations to proceed with the study.

A friendly amendment, as suggested by Mr. Capron, was added to the motion for

approval. This amendment requests a revision of the Informed Consent document with

regard to patient withdrawal. Dr. D. Ginsburg seconded the motion.

With regard to the statement in the Informed Consent about communication with the

newspaper or television reporters, Dr. Flotte said that the statement is to alert the patients

about the possibility of publicity.

The RAC approved a motion made by Dr. Straus and seconded by Dr. D. Ginsburg to

accept the protocol submitted by Dr. Terence R. Flotte of the Johns Hopkins Children’s

Center, Baltimore, Maryland, by a vote of 16 in favor, 0 opposed, and 1 abstention. The
RAC approval is contingent on review and approval of the following by the RAC primary

reviewers: (1) Submit a revised protocol that explains that each cohort will be evaluated

for virus shedding. If virus shedding is detected at > 10 days post-vector administration,

vector administration to subsequent cohorts is prohibited. Any subject in whom virus

shedding has been detected > 10 days post-vector administration will be released from the

hospital; however, family members and close contacts will be informed of the possibility

that they may be screened for the virus. The RAC recommended that if a subject is

released from the hospital while actively shedding virus, family members and close

contacts should be evaluated for the presence of the vector. (2) Submit a revised

Informed Consent document incorporating a statement that informs subjects that in the
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event that they choose to withdraw from the study after the vector construct has been

administered, they will be strongly discouraged from leaving the hospital until the lack of

virus shedding has been demonstrated. The revised Informed Consent document must be

reviewed and approved by the RAC primary reviewers.

(Dr. Miller abstained from voting due to his association with Targeted Genetics, Inc., a

sponsoring company of the protocol.)

Summary

Dr. Terence R. Flotte of the Johns Hopkins Children’s Center, Baltimore, Maryland, may
conduct gene transfer experiments on 16 subjects (>18 years of age) with mild CF. A
vector derived from AAV will be used to transduce a human CFTR gene. The vector

construct is termed tgAAVCF. The vector will be administered by direct application to

the nasal epithelium and by bronchoscopic delivery to the right lower lobe of the lung.

This is a dose escalation study in 8 cohorts of patients. Each individual will receive a

single nasal dose of 1 x 10
6
to 1 x 10

9
and a single lung dose of 1 x 10

7
to 1 x 10

10
vector

particles. The primary goal of the study is to assess safety of vector administration. As a

secondary objective, brushed respiratory and nasal epithelial cells will be evaluated for

gene transfer, gene expression, and physiologic correction of the CF defect. Pulmonary

function testing and lung imaging studies will be used to assess clinical impact.

VIII. ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING A HUMAN
GENE TRANSFER PROTOCOL ENTITLED: GENE THERAPY FOR THE
TREATMENT OF METASTATIC BREAST CANCER BY IN VIVO INFECTION WITH
BREAST-TARGETED RETROVIRAL VECTORS EXPRESSING ANTISENSE C-FOS OR
ANTISENSE C-MYC RNA/DRS . HOLT AND ARTEAGA

Review-Dr. Miller

Dr. Walters solicited help from RAC members to review the information collected for

data management to be presented at the coming December RAC meeting. He then called

on Dr. Miller to present his primary review of the protocol submitted by Drs. Jeffrey Holt

and Carlos B. Arteaga of the Vanderbilt University, Nashville, Tennessee. Dr. Miller

stated that the investigators propose to use retroviral vectors that express antisense fos or

myc oncogene sequences to treat malignant breast cancer cells in the meninges,

peritoneum, or pleura. The vectors would be directly injected into these areas. The
antisense sequences are expressed by using a tissue-specific mouse mammary tumor virus

(MMTV) promoter to direct expression to malignant breast cancer cells. The
investigators have shown that cultured MCF-7 human breast cancer cells have reduced

tumorigenicity in animals after vector transduction, and that not all cells need to be

modified in order to see this antitumor effect. The investigators stated that experiments

in animals to demonstrate efficacy of this technique on established tumors are in progress.

Dr. Miller stated that these data will be important for evaluating this protocol. Dr. Miller

said that the oncogene sequences used to construct the antisense vectors are relatively

short and have no potential for oncogenicity if the oncogene sequences are inadvertently
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expressed in the forward direction. The use of the MMTV promoter is to express the

antisense sequences specifically in breast cells, and the retroviral vectors target specifically

to the actively dividing cancer cells in the injected body spaces. Dr. Miller raised several

specific questions: (1) Vector design and production. The vector sequence submitted on
the computer disk does not match the description in the text or in the diagrams. The
overall structure of the vector is fine but it is based on the old N2 retroviral vector. There
was concern that the old N2 vector, when produced in the PA317 cells, has a high

probability of generating replication competent retrovirus (RCR) due to recombination

with other viral sequences in those cells. Dr. Miller asked why the newer LXSN vector

was not used. The investigators responded in writing that they are concerned that the

MMTV promoter may not be appropriately expressed in this new vector. Dr. Miller

stated that the investigators should provide quantitative data regarding the lack of RCR
production or the criteria to be used for testing clinical grade vector preparations. Dr.

Miller asked what culture medium will be used to produce the clinical grade vector

preparations. The standard culture media contain bovine serum which is not acceptable

for human use. The investigators indicated in writing that human serum will be used or

alternatively the vector will be produced in serum-free media. (2) The IBC has

recommended a Biosafety Level (BL) 2
+
physical containment for the present

experiments. Dr. Miller recommended a BL1 containment level based on lack of

oncogenic sequences in the vectors. (3) The IRB initially classified this study as high risk.

The investigators have explained that the IRB means the protocol deals with high risk

cancer patients, rather than the vector or the experiment being of high risk. (4) Have the

investigators used the antisense vectors to transduce primary breast cancer cells? The
investigators provided data to show that antisense RNAs were made, and they could

inhibit fos and myc oncogene expression and could reduce cell growth. Dr. Miller was

satisfied with these in vitro data. (5) Will body fluids of the vector injection sites directly

inactivate the retroviral vectors? Human complement in blood can directly inactivate

retroviruses. The investigators have provided data to show that at 37° C pleural effusions

have little effect on virus infectivity, a twofold decrease after 24 hours. Overall, Dr. Miller

was satisfied with the written response provided by the investigators. He asked to see the

correct vector sequence and quantitative RCR data.

Review-Dr. Haselkom (presented by Dr. Miller)

Dr. Haselkom stated in his written review that since this new protocol is substantially

different from others already approved by the RAC, it requires a thorough review. The
protocol involves the administration of retroviral constructs expressing antisense RNAs of

oncogenes to treat metastatic breast cancer. The vector has a MMTV promoter that

requires estrogen for expression, so the transgenes should be transcribed only in cells such

as breast cells that contain the estrogen receptor. Dr. Haselkom raised several specific

questions: (1) Are the vectors targeted to breast cancer cells from the prospective

recipients? (2) Are the antisense RNAs expressed in those cells? (3) If expressed, do

they prevent expression of the fos and myc gene products? and (4) Is growth of the tumor

cells affected? Dr. Miller said that these questions have been affirmatively answered by

the investigators in their written response. The investigators noticed a "bystander effect"

in that tumor growth was affected more than the number of cells transduced. Dr. Miller
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mentioned additional data provided by the investigators to demonstrate antitumor effect

on established tumors in the nude mouse experiments. The tumor was established in the

peritoneal space. The untreated animals developed a tumor size of 700 mg, and in the

anti-myc mice, the tumor was reduced to 400 mg. In mice treated with anti-/os, the tumor

was reduced to 100 mg. There are preliminary experiments in 6 mice, but the data is

encouraging.

Dr. Walters mentioned a fax letter from Dr. Haselkom stating that he was impressed with

the recent data provided by Dr. Holt and, therefore, he would withdraw his initial

objections to this protocol.

Review-Mr. Capron

Mr. Capron, in his written review, raised several questions including incomplete preclinical

studies, spreading of vector to non-targeted cells, and effective targeting of vectors in

human cancer. Most of these questions were addressed in the reviews by Drs. Miller and

Haselkom. Since this study would involve a direct vector application to patients, Mr.

Capron was concerned about any potential risk to others through vector spreading. The
investigators responded in writing that the vector is replication incompetent and will be

injected into a closed body cavity that should not present any risk to others. He would
like to have clinicians on the RAC comment if treated body fluid could be released in any

way. Mr. Capron pointed out several weaknesses of the Informed Consent document: (1)

the format is difficult to follow because of the use of different font sizes, (2) the form
lacks any statement on long-term follow-up, (3) the warning about not paying for injuries

is in a small note, (4) there is an inadequate statement about withdrawing patient consent,

and (5) the #6 item on alternative treatment is awkward. Mr. Capron said the

investigators have addressed most of his concerns. Mr. Capron had provided specific

wording for the Informed Consent document to address his concerns. The investigators

have submitted a revised Informed Consent document.

Other Comments

Dr. Dronamraju asked how many patients will be treated. Dr. Holt said they will enroll

10 patients. Ms. Meyers stated that there are many shortcomings in the Informed Consent

document: other chemotherapeutic drugs for breast cancer are not mentioned under
alternative treatments; there is no mention of contraception, autopsy, or long-term follow-

up. Mr. Capron said that these points have been corrected in the revised Informed

Consent document.

Dr. Saha asked questions regarding the rationale for targeting c-fos and c-myc among
other oncogenes, the ratio of antisense expression to the c-fos and c-myc mRNA, whether

the antisense expression is constant from experiment to experiment, and inhibition of

oncogene translation. Dr. Parkman asked the investigators to clarify how transduction

efficiency will be quantitated in pleural effusions or cerebral spinal fluid (CSF). He asked

about the time points for sampling the body fluids.
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Investigator Response-Drs. Holt and Arteaga

Dr. Holt said that marker rescue assays are used to detect RCR in their vector

preparations. More stringent assays will be used to conform with the requirement of FDA
including feline PG-4 S T/ assay, extended S T/ assay, and co-cultivation of test cells with

Mus dunni cells with detection by the PG-4 S *L' assay. Dr. Miller said the criteria should

be less than one RCR per 100 ml of the patient dose. Dr. Holt said that the RCR assay

has been performed for 10 ml of supernatant, and it will be scaled up to one patient dose.

Dr. D. Ginsburg said that since the LXSN vector constructs are being developed for

antisense expression, it would be preferable to wait and use the better vectors for the

human study. Dr. Miller said that if RCR is not detected by the stringent tests, there is

no reason not to use the present vectors. Dr. Holt explained that the reason not to

change the vector is that MMTV promoter may not function as well in the LXSN vector.

He agreed with Dr. D. Ginsburg that it is a reasonable point to try the new vector in the

future.

Dr. Miller raised another question about the open reading frame of the gag gene in the

N2 vector. Expression of gag proteins could complicate the interpretation of the results of

myc and fos antisense expression due to potential immunogenicity. Dr. Holt explained

that this complication is avoided by using the same vector with gag expression in the

control studies.

Dr. Miller said that in the new data, a diagram is presented to show the vector construct.

A neo R gene is driven by the long terminal repeat (LTR) of the vector. The MMTV
promoter drives the expression of the anti-/as in the opposite direction and the RNA is

terminated with a polyadenylation signal from the globin gene. Dr. Holt said that a

complete vector sequence is provided.

Regarding the experiment of vector stability in pleural fluid, Dr. Holt said one explanation

for the vector stability is that the level of complement, which inactivates the virus, may be

lower in pleural fluid than in blood. As to the nude mouse experiment on established

tumors, Dr. Holt said antitumor effects have been observed in a preliminary experiment

with 6 mice, but additional studies with 20 nude mice are ongoing.

Regarding the statement of alterative therapy in the Informed Consent document. Dr.

Holt said that there is no alternative therapy for breast cancer metastasis in pleural or

peritoneal effusions. Dr. D. Ginsburg commented that sclerosing treatment is quite

effective for the symptom of pleural effusion by closing the pleural space, although it is

not directed toward breast cancer itself. This treatment, however, would affect the vector

access to the tumor cells, and Dr. D. Ginsburg asked if it should be considered as one of

the exclusion criteria.

Dr. Arteaga said that the sclerosing treatment will be useful for patients with serious

symptoms of pleural effusion. The majority of patients to be enrolled in the study are not

expected to have such severe symptoms. Patients will spend 4 days in the Clinical
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Research Center for the initial 3 infusions of retroviral vector. Blood will be drawn each

day and tested for the presence of retroviral vector. Fluid sampling will be performed the

day after infusion to obtain cell samples to determine the percentage of cells taking up the

vector constructs and to assess the transgene expression. After the 4 day period, patients

can receive other types of therapy.

Responding to Ms. Meyers’ question on an alternate therapy statement for breast cancer

in the Informed Consent, Dr. Holt said there are other systemic therapies for metastatic

breast cancer, but the present protocol is directed to treat local disease. Dr. Parkman said

that a statement indicating that there are no other investigational regional therapies would

clarify this issue. Dr. D. Ginsburg said that pleurocentesis for malignant pleural effusion

is a standard regional therapy. Dr. Arteaga said that these are therapies that patients can

receive after completion of 4 days of vector infusion. Dr. Holt accepted Ms. Meyers’

suggestion that there should be statements indicating that there are other systemic

therapies that are available.

Dr. Parkman asked if all the scientific experiments will be performed in the first 4 days of

the study. Dr. Arteaga said that the primary endpoint is to determine vector integration

and expression in mammary cancer cells, and it will be done over 4 days. The second

endpoint is the appearance of a retrovirus in the blood stream. The third endpoint is

clinical toxicity, i.e., local peritonitis or pleuritis, and systemic symptoms such as fever and

blood tests. Dr. Parkman commented that the local inflammatory response will be more
critical in the study with meningeal infusion.

Dr. D. Ginsburg said that since this treatment is local and will not have any potential

benefit to patients, patients may not want to enroll in this study. He asked if subsequent

therapies such as intrathecal chemotherapy will complicate the interpretation of data

regarding retroviral infusions. He questioned if it is acceptable to ask patients with

carcinomatosis meningitis to undergo 4 days of experiment before starting intrathecal

chemotherapy. Dr. Smith remarked that the vector dose for meningeal study is much
lower than that used in animal studies. Dr. Holt said that meningeal patients would

account for less than 5 % of eligible patients, and he agreed to delete this arm of the

study.

Regarding the pleural effusion patients, Dr. Arteaga said that the protocol will not enroll

patients with serious pleural effusions that require other immediate therapies. Dr. D.

Ginsburg remarked that in this aspect the present protocol is different from other studies

aiming at patients who have failed other standard therapies. This local therapy, which is

similar to pleurocentesis, will not affect the outcome of the systemic metastasis of breast

cancer. Dr. Arteaga said that the local site will allow assessment of vector treatment over

other local chemotherapies. Dr. Miller agreed that it is a reasonable approach. Dr. Smith

said that this protocol will yield data addressing some questions about the use of antisense

oncogenes in human cancer.

Responding to the question on contraception in the Informed Consent document. Dr. Holt

said that the vast majority of patients will be post-menopausal. Ms. Meyers noted not all
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patients will be post-menopausal, and Dr. Holt agreed to add this statement to the

Informed Consent document.

Responding to Dr. Saha’s question about choosing c-myc and c-fos as target oncogenes,

Dr. Holt said about 15 to 20% of breast cancers have c-myc amplification. c-Myc and c-

fos are oncogenes encoding transcriptional factors contributing to cancer cell growth. Dr.

Holt said that the preclinical studies showed data on the level of antisense expression.

The ratio of antisense sequences to the endogenous cellular oncogene mRNAs is

important since antisense decreases the stability of oncogene mRNA and reduces its

cellular levels.

Dr. Parkman said that the preliminary tumor model data was limited to 6 mice, and that

the study on another 20 mice is still ongoing. The data on the additional animals is

needed for approval of the protocol. Mr. Capron suggested that Dr. Parkman review that

data. Dr. Holt agreed to the suggestion.

Committee Motion

Dr. Miller made a motion to approve the protocol with a provision to provide RCR data,

vector sequence on disks, and to revise the Informed Consent document. Dr. Parkman
added a friendly amendment to request data on the additional 20 mice. Dr. Motulsky

seconded the motion. Dr. Walters said that the stipulations should include deleting the

meningeal arm of the study.

Dr. Parkman reminded the RAC that in the future consolidated review with FDA, the

stipulations will be approved by FDA and will not come back to the RAC.

The RAC approved a motion made by Dr. Miller and seconded by Dr. Motulsky to accept

the protocol submitted by Drs. Jeffrey Holt and Carlos B. Arteaga of Vanderbilt

University, Nashville, Tennessee, by a vote of 14 in favor, 0 opposed, and 2 abstentions.

RAC approval is contingent on the review and approval by the primary RAC reviewers of

the following: (1) data demonstrating the absence of helper virus in a single patient dose,

i.e., 100 ml; (2) the complete vector sequence submitted on three 3 1/2 inch diskettes in

ASCII format; (3) a revised Informed Consent document incorporating the changes

suggested by the RAC members; (4) deletion of the carcinomatous meningitis arm of the

study; and (5) data from ongoing murine preclinical studies.

Mr. Capron noted that there are no clinicians among the three primary reviewers of this

protocol, and that several of the clinical questions brought to the discussion have been

missed by the primary reviewers. He requested at least one clinical reviewer for every

protocol. Dr. Wivel commented that because of the shortage of RAC members with a

clinical background, occasionally there are not enough clinical reviewers to be assigned to

all protocols.

Summary

[
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Drs. Jeffrey Holt and Carlos B. Arteaga of the Vanderbilt University, Nashville,

Tennessee, may conduct gene transfer experiments on 10 female patients (over 18 years of

age) with metastatic breast cancer. Parent effusions from pleura or peritoneum will be

drained and the fluid will be replaced with a supernatant containing retroviral vectors.

The retroviral vectors, XM6:antimyc and XM6:antifos, are constructed with the N2 murine

retroviral vector to express antisense sequences of c-myc and c-fos under the control of a

mouse mammary tumor virus promoter. The vectors are designed for expression in breast

cells. The primary endpoints are: (1) to assess uptake and expression of vector sequences

in breast cancer cells of pleural and peritoneal fluids and to determine if the expression is

specific to breast cancer cells; (2) to determine if viremia occurs following vector infusion;

(3) to assess the local toxicity of vector infusion; and (4) to assess any reduction of

malignant cells in pleural or peritoneal fluids.

IX. ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING A HUMAN
GENE TRANSFER PROTOCOL ENTITLED: EVALUATION OF REPEAT
ADMINISTRATION OF A REPLICATION DEFICIENT, RECOMBINANT
ADENOVIRUS CONTAINING THE NORMAL CYSTIC FIBROSIS TRANSMEMBRANE
CONDUCTANCE REGULATOR cDNA TO THE AIRWAYS OF INDIVIDUALS WITH
CYSTIC FIBROSIS/DYL CRYSTAL

Review--Dr. D. Ginsburg

Dr. Walters welcomed Dr. Harold Ginsberg, an ad hoc consultant on adenovirus vectors,

to the meeting.

Dr. Walters then called on Dr. D. Ginsburg to present his primary review of the protocol

submitted by Dr. Ronald G. Crystal of New York Hospital-Cornell Medical Center, New
York, New York. Dr. D. Ginsburg said that this is the first protocol that he has reviewed

for the RAC. This study is to treat CF with an adenovirus expressing the CFTR gene.

The main differences from Dr. Crystal’s previous study involve a change of the adenovirus

vector with a cytomegalovirus (CMV) promoter and a test of escalating repeat doses of

vector administration. Dr. D. Ginsburg said that these investigators are highly qualified

with considerable expertise in the use of adenovirus vectors to treat CF patients. There

are 3 distinct parts of the protocol involving a total of 26 patients. In Part A, escalating

doses of adenovirus vector will be administered to 3 sites in large airways of the same

lung. Two patients will be treated at each dosage level, beginning with 2 x 10
6 plaque

forming units (pfu) per site and increasing to 2 x 10
9
pfu per site, for a total of 14 patients.

In Part B, an additional 12 patients will be studied in 3 groups with the dose and schedule

of repeat administration determined from the results of the first part of the study. In Part

C, the same patients as in Part A will receive a repeat dose at a 10-fold higher level on

days 90 and 180. In all patients, safety and CFTR expression will be monitored. The
aims of this study are to examine the effect of more localized vector administration and to

determine the responses to repeated treatment and increasing vector dosage.

Dr. Crystal provided a preprint of a manuscript in press for publication describing results

of his previous study. Dr. D. Ginsburg was pleased to see the published work. He raised
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several specific questions regarding the present protocol, and most of them were

satisfactorily answered by the investigator. (1) Since the critical target cells within the

lung itself are unknown, will a 5-10% overall transduction efficiency of epithelial cells

necessarily translate into the same transduction rate in the critical target cells of the lung?

Dr. D. Ginsburg was not totally convinced that this issue was sufficiently addressed in the

published results of the previous study. (2) Have the levels of expression with the new
vector (Ad GNCFTR.10) been compared to results with the previous work? What is the

data demonstrating the superiority of the CMV promoter in the new vector? (3) Can the

investigators provide data to validate quantitative PCR assays of the transduction rate in

the lung? This is the measurement used for a primary biologic parameter of efficacy, and

there are technical difficulties in performing this assay. (4) The investigator claimed that

the vector doses given in the cotton rat experiments were 100-fold greater than the highest

dose to be administered to humans in this study. Dr. D. Ginsburg was not comfortable

with the calculation of the relative dose. The calculation was based on the body weight

difference but this is not a systemic therapy but topical application to the pulmonary

epithelium. The basis of this calculation may not be valid for estimating toxicity in

humans. (5) The investigator has reported an adverse reaction in one patient in his

previous trial. This adverse reaction was not adequately described in the published paper.

Even a minor respiratory infection is potentially much more serious in a CF patient. Any
inflammatory reaction might have more serious sequelae in patients with compromised

lung function than in normal individuals. (6) Since there are large number of eligible

patients with this common disease, why not exclude all minors from the study? The
investigator responded in writing that there is no added risk to the minors.

In summary, Dr. D. Ginsburg said this is a relatively small change from the previously

approved protocol. Dr. D. Ginsburg was satisfied with the responses to most of his

questions. He pointed out two outstanding issues that need further responses from the

investigator, i.e., the issue of relative dosage between the rat and humans, and the issue of

greater risk to a patient with compromised lung function.

Dr. Walters noted Dr. Crystal’s paper has been published in Nature Genetics, Volume 8,

pp. 42-51, 1994.

Review-Dr. DeLeon

Dr. DeLeon found the proposal to be well presented and most of her comments were

mentioned in Dr. D. Ginsburg’s review. She still had some concern about the statistics.

With a population of 26 patients, 2 in each cohort, and 14 of them being used repeatedly

in both Part A and Part C of the study, Dr. DeLeon said that better statistical methods

could be applied. She would like the investigators to elaborate on this point. She had

questions about the use of quantitative PCR. If it is not going to be used, the protocol

should be revised to reflect this change. Most of the issues raised regarding the Informed

Consent document have been answered by the investigator. Dr. DeLeon would favor

approval of the protocol.

Review-Dr. Zallen
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Dr. Zallen commented on two major areas, the experimental design of the study and the

informed consent process. For the experimental design, she questioned if the Part C,

which uses the same subjects who are in Part A but at a scaled up dose, is needed in this

study. The investigator responded that it is necessary to use rare patient resources to

obtain most scientific information. The upgraded exposure is to see if increasing vector

dose will overcome immunity in these previously exposed subjects. Dr. Zallen asked Dr.

Crystal to explain why increasing the vector dose could overcome immunity. She was

concerned about the number of bronchial biopsies to be performed on these patients who
already have damaged lungs. One biopsy will be performed after each vector

administration. Dr. Zallen calculated that patients in Part A would have 1 biopsy; in Part

C, a total of 4 biopsies; and in Part B, as many as 6 biopsies. Dr. Zallen asked the

investigator to comment on the safety aspect of bronchial biopsy in CF patients. As to the

consent process, the Informed Consent document is very long and elaborate. She said it is

well written and covers most points. The risk/benefit ratio is reasonable. Dr. Zallen had

an initial concern about the acceptability of this lengthy document by the patients. She

was satisfied with the response from the investigator that he has successfully used a

strategy for addressing this problem in a step-wise fashion. Most of the changes suggested

for the Informed Consent document were made in the revision except the item on

compensation for research-related injuries. Dr. Zallen said the statement is not clear

enough to inform the patients that no such compensation is available. The wording

should be for "medical treatment" not for "compensation" that will not be provided by the

institution. The individuals who do sign up need to know that if there are injuries that

medical costs will be their responsibility.

Review-Dr. H. Ginsberg

Dr. H. Ginsberg commented on the safety issue of using the replication deficient

recombinant adenovirus. The comment will apply to most of the protocols using

adenovirus vectors. The adenoviruses deleted in the El region are not truly replication

deficient, they are only crippled. The published literature shows that if a high multiplicity

of infections (MOI) (over 80) are used to infect cells, the viruses will replicate in cell

culture as do the wild-type viruses. When one is using a high vector dosage such as 10
9

pfu, as is necessary for this type of gene therapy, it raises a very important point. It is

very difficult to determine the MOI in the human situation since the number of target

cells is unknown. Some cells may get an MOI of over 250, 500, or even 1,000. Dr. H.

Ginsberg referred to toxicity associated with glycerol. The Ad.CFTR vectors are

frequently stored in 10% glycerol. Such concentration of glycerol will kill a cotton rat. It

has to be diluted to 1 to 2% to avoid the induced inflammation. Dr. H. Ginsberg noted

that adenovirus vectors with an additional E3 deletion, such as the one proposed in this

study, are markedly more pathogenic than the wild-type virus. E3 deletion increases the

problem of inflammatory response. Dr. H. Ginsberg said that examining the vector-

induced cytokines in serum is inadequate. In the cotton rat experiments, tumor necrosis

factor (TNF)-a, interleukin (IL)-l, and IL-6 appear in the lung very early after infection,

and only IL-6 has been detected in the serum. TNF-a is very critical in causing the

inflammatory reaction. Regarding the animal experiments used to assess toxicity, the

animal’s lungs were examined 30 days after infection. Dr. H. Ginsberg said most early
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inflammatory responses occur in the first week and disappear after 10 days in cotton rats.

This point is particularly pertinent in repeated inoculations. Bronchial alveolar lavage

should be performed early after inoculation to determine if the vector induces any

inflammation. Besides cytokines, cellular immunity plays a very critical part in the

inflammatory response particularly with the E3-deleted adenovirus vectors. One of the

gene products of E3 reduces the expression of Class I major histocompatibility (MHC)
antigen on the cell surface, and thus reduces cellular immune response. The E3 deletion

increases pathogenicity in cotton rats.

Other Comments

Dr. Parkman said that repetitive vector administration is a logical step toward clinical

fruition in the CF study. Dr. Crystal’s original submission did include both single and

multiple vector administration, although the latter was deleted. There were animal

experiments for multiple vector administration, and they showed that the second dose of

vector produced a more virulent inflammatory response. Since it is proposed to give 6

repeat doses to humans, the minimum amount of animal data should include at least 6

administrations. Repeat administration increases the cellular type of immune response.

Ms. Meyers asked Dr. H. Ginsberg to clarify his assessment about the safety of the

adenovirus vector. Dr. H. Ginsberg said that the vector does express the CFTR gene in

animals and in humans. He was concerned about the safety problem because E3 deletion

of the vector increases its pathogenicity, and this effect does not require virus replication

even though the vector is a crippled virus.

Dr. Ross stated that it would be more understandable to patients if the procedures and

time schedules of the clinical protocol were summarized in a flow chart in the Informed

Consent document. It would be particularly useful for a complicated protocol like this

one. Ms. Meyers commented that this protocol has one of the best Informed Consent

documents that she has reviewed.

Dr. Marcel asked if patients’ seropositivity or seronegativity to adenoviruses should be

listed in the exclusion/inclusion criteria. Dr. Parkman remembered this question has been

asked when the RAC reviewed Dr. Crystal’s previous protocol, but it was deleted from the

protocol. Dr. H. Ginsberg said that unless the antibody levels were extremely high, it

would be unlikely that there would be a direct effect on adenovirus replication.

Mr. Capron asked if Dr. Crystal would comment on the relative merit of the adenovirus

vectors versus AAV vectors.

Investigator Response-Dr. Ciystal

Responding to the question about a flow chart. Dr. Crystal said that such a chart had been

prepared and included in the appendix of the submission material.

Regarding the question of immune status, Dr. Crystal clariGed that seropositivity is listed
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as an inclusion criterion. According to a literature report, people who are seropositive

have less adverse effects from live adenovirus infection of the respiratory tract. He did

not know whether it was critical.

In terms of adenovirus versus AAV, Dr. Crystal pointed out that adenovirus has no

potential for malignancy and has been widely used as a vaccine. AAV does, at least in a

limited way, integrate into the host cell chromosomes and has potential for insertional

mutagenesis and potential for malignancy. Adenovirus vectors are veiy effective for

transducing genes into target cells. Another advantage is that adenovirus vectors only

cause transient expression, but treatment would have to be repeated for long-term effects.

Regarding the patient number in Part A of the study, 7 dosage escalations with 2 in each

group will be carried out. It is necessary to have some consistency before moving to the

next higher dosage level or to Part C of repeat dosage study. 12 patients will be needed

in Part B of the study with 4 patients in 3 groups. The study will start with 1 patient, and

then a second at the same dose. If no efficacy is seen, it will move to the next higher

level using a half log dose increase. There will be a 3 week interval between each cohort.

For repeat administration, there will be a 2 week interval.

Responding to the question of increased adverse reactions in repeat vector administration,

Dr. Crystal said that there are two parallel animal studies, both for a duration of 6

months. There is no increased inflammation with multiple doses at 6 months.

Regarding the question of comparative animal and human dosage, Dr. Crystal stated that

lung surface is proportional to the height of the individual. Yet it is difficult to compare
directly to animals. In animal studies, a small volume of vector is either dripped directly

into the trachea or expelled under light pressure. It is different from administration to

humans. The surface tension of the lung is such that the applied liquid will soon spread

out, so there is no accumulation of the volume over a small area. Dr. Crystal contended

that it was not likely to have a few cells getting an extremely high multiplicity of infection.

The dosage chosen for the present study is based on the original RAC approved protocol

and subsequent discussion with FDA officials.

Dr. D. Ginsburg asked how widely the liquid applied through a bronchoscope will spread.

Dr. Crystal said when 100 /il of methylene blue dye marker is applied to the lung, it

spreads to a cylinder area of 2 inch in diameter and 4 cm in length. From this data, the

MOI is estimated to be 250.
*

Responding to the question of vector replication at high multiplicity of infection. Dr.

Crystal said the literature report described infection of transformed cells such as HeLa
cells. For normal airway epithelial cells or cells from CF patients, no replication was

detected with the present vector, up to a MOI of 1,000. It is true in his study in cotton rat

airways.

As to the expression level with the new vector using a CMV promoter, Dr. Crystal said

that there is 10-fold difference in expression of the CFTR gene as compared with the old
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vector.

Regarding the toxicity to the lung of the CF patients, Dr. Crystal said he is starting at a

low dose of 10
6
pfu and in a smaller volume. The toxicity of the particular patient in the

other study occurred with 20 ml of vector at high dose. The volume has been reduced to

100 m 1 per site for a total of 3 distinct sites. The toxicity can be due to spread of liquid to

the alveolar sac, and the smaller volume of vector inocula will avoid this complication.

Quantitative PCR will be deleted from the protocol. Regarding the question of subjects

being immunized by repeat vector administration. Dr. Crystal said that in animal

experiments as well as in the current human study, no neutralizing antibodies have been

detected after vector administration.

As to the concern about bronchial biopsy, Dr. Crystal said there will only be bronchial

brushing to obtain lung cells rather than biopsy to remove lung tissue. There is no added

toxicity by using this procedure.

Regarding the consent process, the patients are allowed 2 weeks to decide about the

study.

In terms of glycerol, it is diluted to 3.3%; and no toxicity has been observed at this level.

As to the bronchial alveolar lavage procedure in the protocol, it has not been applied to

any patient in the CF protocol. Putting the saline solution to the lung will cause some
inflammation. The procedure is included in the protocol as a potential means of

obtaining samples for analyzing cytokines. Dr. Parkman inquired about the toxicity studies

on animals and requested additional data.

Mr. Capron asked if the patient population of the present protocol was the same as the

previous CF study. Dr. Crystal said that the new protocol will recruit patients in the New
York metropolitan area. As to Mr. Capron’s question about the present study aiming to

cure CF, Dr. Crystal said that CF is a genetic disease and cannot be cured by the present

approach. Repeat vector administration is essential to produce long-term relief of the

lung symptoms.

Dr. Walters asked for a clarification of the question of vector replication at high dosage.

Dr. H. Ginsberg said that at 10
10
pfu, he has observed replication of El-deleted

adenovirus in the cotton rat experiments. It is not a prolonged replication. Dr. Crystal

emphasized that he has never seen replication of his vector in several monkey and cotton

rat experiments. Mr. Capron asked if different results were due to different vectors. Dr.

H. Ginsberg said he is discussing Ela and Elb deleted mutant adenovirus and not the

vector Dr. Crystal constructed. Dr. Crystal said the clinical grade adenovirus vector

preparations have to pass a test of less than one replication-competent virus per patient

dose. With this clinical grade vector, no replication has been observed in animal

experiments. Mr. Capron inquired if this result is published. Dr. Crystal said it is

included in the RAC submission. Ms. Meyers expressed her discomfort about the

contradictory experimental results, especially when the vector is to be used for humans.
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Dr. Crystal said that in his study with 9 human subjects, no replication-competent virus has

been detected. This result was not obtained with the present modified vector with CMV
promoter. Dr. H. Ginsberg asked how the viruses are assayed. Dr. Crystal said that

secretions from patients are tested for adenovirus on 293 cells. Dr. H. Ginsberg said that

proper sampling should be bronchial alveolar lavage. Ms. Meyers asked if there were any

adverse effects on the 9 patients studied. Dr. Crystal said only the one that has been

reported previously; after dose and inoculum volume reduction, no additional adverse

effects have been observed.

Dr. Samulski asked to compare the different adenovirus vectors used in all approved CF
protocols, some are E3 plus, some are E3 deleted, and some are temperature-sensitive

mutants besides the common El deletion. Dr. Crystal said that E3 expression required

the presence of El; and in all the El deficient vectors, it was not relevant if the E3 was

present or absent unless it was under the control of a constitutive promoter. Regarding

the temperature-sensitive mutants, they are leaky; and they work in mice but not in

humans. The other strategy is to delete E4 and E2b, but these vectors are still under

development.

Dr. Samulski asked about the stopping rule for the present study if an adverse effect is

observed. Dr. Crystal said that if there was no safety issue, the study would continue. No
virus shedding was observed when the vector was applied to the lung.

Dr. Miller said that a published work reported vector replication observed in human
epithelial cells reconstituted in nude mice. Dr. Crystal said that no vector replication has

been seen in human studies. Dr. Miller asked questions about recombination with

adenovirus sequences present in host cells. Dr. H. Ginsberg said it does not happen since

293 cell sequences are integrated. Dr. Crystal stated that the criteria for clinical grade

preparations are to assure that there is less than one replication-competent virus per

patient dose. The clinical grade vector is prepared from a plaque-purified virus and

treated with DNase to eliminate any contaminating adenoviral sequences. Dr. Miller said

that the efforts to assure vector quality appeared adequate. Dr. H. Ginsberg said that his

preparations used in animal experiments have not been as thoroughly prepared as the

clinical grade materials.

Mr. Capron asked if the patients were being treated with DNase. Dr. Crystal said that 70

to 80% have proceeded through this kind of treatment. The patients will continue to

receive DNase while on the study since it does not interfere with the present trial.

Dr. H. Ginsberg asked if the cotton rat experiments have been performed with the

original vector as well as the new CMV vector. Dr. Crystal answered that both of them
have been tested.

Dr. Smith asked if day 7 and day 30 are proper time points to look for inflammatory

reaction with the E3 deleted vector. Dr. Crystal said the experiments have been
conducted at both time points, and there is no difference. He will provide the data to the

RAC.
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Committee Motion

Dr. DeLeon made a motion to approve the protocol on the contingency that Dr. Crystal

would remove the quantitative PCR assay from the protocol. Dr. Crystal agreed to this

stipulation. Dr. Parkman added a friendly amendment to ask the investigator to provide

the toxicology data from the cotton rat experiments. Dr. Crystal said this is a completed

study.

Ms. Meyers said that she will abstain from voting because of the conflicting statements

from the ad hoc expert and the investigator. Dr. Walters noted that Dr. Ross abstained

due to her employment by Cornell University.

The RAC approved a motion made by Dr. DeLeon and seconded by Dr. Parkman to

accept the protocol submitted by Dr. Ronald G. Crystal of New York Hospital-Comell

Medical Center, New York, New York, by a vote of 12 in favor, 1 opposed, and 2

abstentions. Approval of the protocol is contingent on review and approval of the

following by the primary RAC reviewers: (1) removal of the quantitative PCR assay from

the study, and (2) toxicology data derived from cotton rat experiments (> 6 doses of

adenovirus vector) obtained at 1 week and 1 month post vector administration.

Summary

Dr. Ronald G. Crystal of New York Hospital-Comell Medical Center, New York, New
York, may conduct gene transfer experiments on 26 patients (> 15 years of age) with CF.

A replication deficient recombinant adenovirus vector will be used to transduce the

human CFTR gene to the epithelium of large bronchi. The vector to be used,

Ad o%CFTR.10, is an E1E3" adenovirus-5 based vector with an expression cassette in the

El region that includes the CMV promoter. The study will initially define the safety and

kinetics of expression of the normal CFTR cDNA in the airway epithelium following

single dose administration of ascending doses to the airways in different individuals. Once
the dose schedules are defined, it will evaluate repeat administration on these individuals.

Differences from Protocol #9212-034 are: (1) administration of vector to more localized

areas of airways, (2) more careful definition of pharmacodynamics of CFTR expression,

(3) evaluation of CFTR expression following repeat administration, and (4) use of a more
active promoter/enhancer in the expression cassette.

X. AMENDMENTS TO SECTIONS I, III, TV, V AND APPENDIX M OF THE NIH
GUIDELINES REGARDING NIH AND FDA CONSOLIDATED REVIEW OF HUMAN
GENE TRANSFER PROTOCOLS/DRS. WIVEL AND NOGUCHI

Dr. Walters mentioned that several written comments were submitted in response to the

proposal of NIH/FDA consolidated review. Included in the meeting materials are a letter

dated September 7, 1994 from Ms. Wendy L. McGoodwin, Acting Executive Director of

Council for Responsible Genetics, Cambridge, Massachusetts, and a letter dated

September 12, 1994, from Mr. Jeremy Rifkin, President, and Mr. Theodore Waugh, Staff

Attorney of the Foundation on Economic Trends, Washington, D.C..

[
44

]

Recombinant DNA Research, Volume 20



Recombinant DNA Advisory Committee- 9/12-13/94

Dr. Wivel (Executive Secretary) said in response to a question by Dr. Parkman that the

NIH/FDA consolidated review and the ad hoc committee to review RAC activities are

two different proposals. The streamlined review will be implemented while the ad hoc

review will be planned for the future. Dr. Wivel explained the background and the

revised review process. On July 18-19, 1994, the National Task Force on AIDS Drug
Development held an open meeting for the purpose of identifying barriers to AIDS drug

development that included a proposal to streamline the dual review process for human
gene transfer experiments. One of the problems the AIDS investigators identified was

that the RAC and FDA require different formats for their submission of applications for

review. To streamline this process, one-stop "shopping" mechanism was proposed. Dr.

Varmus, the NIH Director, and Dr. David Kessler, the FDA Commissioner, expressed

their support for streamlining the review process as did Dr. Philip Lee, Chair of the AIDS
Task Force and DHHS Assistant Secretary for Health. As a result of the Task Force’s

deliberations, recommendations were adopted in order to eliminate any unnecessary

overlap between FDA and NIH review of human gene transfer proposals. Both Drs.

Varmus and Kessler noted that their respective agencies would cooperate fully to effect

the changes necessary to implement these recommendations. The recommendations of

the Task Force were:

"The NIH and FDA recommend that the RAC become advisory to both the NIH
Director and the FDA Commissioner with regard to the review of human gene

transfer protocols. In the interest of maximizing the resources of both agencies and

in simplifying the method and period of review of research protocols involving

human gene transfer, it is planned that the FDA and the NIH institute a new
consolidated review process that incorporates the following principal elements:

"(1) All gene transfer protocols shall be submitted directly to the FDA.
Submission will be in the format required by the FDA and the same format

will be used by the RAC when public review is deemed necessary.

"(2) Upon receipt, FDA review will proceed. The NIH Office of Recombinant

DNA Activities (ORDA) staff will simultaneously evaluate the protocol for

possible RAC review.

"(3) Factors which may contribute to the need for RAC review include: (i) novel

approaches, (ii) new diseases, (iii) unique applications of gene transfer, and

(iv) other issues that require further public review.

"(4) Whenever possible, principal investigators will be notified within 15 working

days following receipt of the submission whether RAC review will be

required. (RAC reviewed applications will be forwarded to reviewers 8

weeks prior to the next quarterly RAC meeting.)

"(5) Semi-annual data reporting procedures will remain the responsibility of

NIH/ORDA. Semi-annual data reports will be reviewed by the RAC in a

public forum."
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Dr. Wivel explained that the RAC very often approves a protocol provisionally with a list

of contingencies to be fulfilled by the investigators before final approval by the NIH
Director. Under the new system, the contingencies will be followed up by FDA and the

RAC will have no further input. Minor modifications of approved protocols will also be
handled by FDA without input from RAC members. Dr. Wivel emphasized that data

collection on approved protocols will be continued by ORDA and with reports to the

RAC at six-month intervals to maintain public accountability of gene transfer experiments.

Dr. Wivel proposed amendments to Sections I, III, IV, V and Appendix M of the NIH
Guidelines

,
to reflect this consolidated review process.

Dr. Miller asked a procedural question about the plan to streamline review that has been
endorsed by respective agencies, and whether it requires the RAC to vote on this plan.

He questioned whether the consolidated review will effectively shorten the review process.

Dr. Wivel said that it is clear from the AIDS Task Force meeting that both the NIH
Director and the FDA Commissioner are committed to the consolidated process. The
RAC is specifically asked to amend the pertinent sections of the NIH Guidelines to

facilitate the streamlined process. In the new review system, applications will be

processed as soon as they come in; and they will be sent out to the reviewers immediately.

All the protocols that require RAC review will be collected by a batch method and will be

presented at the next quarterly RAC meeting. Dr. Secundy asked why the whole review

process has to be changed to accommodate the demand of a single AIDS group. Dr.

Wivel said that, as indicated by Dr. Varmus, the current dual review system needs

streamlining not simply to meet the demand of AIDS protocols, but to respond to the

expected increase in gene therapy proposals. Responding to a question by Ms. Meyers,

Dr. Wivel said that the RAC was created by the NIH Director after the Asilomar

conference to review recombinant DNA research, not as a result of any statutory action.

Dr. Motulsky expressed his sympathy with the concept of streamlining the process. Dr.

Zallen was concerned about the deletion of the Points to Consider from the NIH
Guidelines that will deprive the RAC of its ability to utilize its recent revision of the

sections dealing with informed consent issues. Mr. Capron shared the concern raised by

Dr. Zallen and asked whether there is formal commitment by FDA in this regard. Dr.

Noguchi from FDA said that the Points to Consider will be adopted as part of the

Investigational New Drug Application (IND). There are 11 sections in this IND
submission and the Points to Consider will be included in Section 11, Relevant

Information. He proposed that a working group be formed to solicit public, academic,

and corporate input to facilitate the long-term consolidation. Mr. Capron expressed his

inclination to abstain from voting on the proposed guideline changes, indicating that the

FDA document to adopt the Points to Consider has not gone through publication and

public comment process. Several outstanding questions regarding review criteria, and the

new structure of the review system are still evolving. He suggested that the word "to"

should be changed to "under" for the proposed guideline amendments in "Section m-A-1.
Major Actions the NIH Guidelines. Dr. Ross expressed her concern about the triage

process in the new review system. Dr. Wivel reassured her that the triage process will

involve RAC members. Dr. Noguchi said that the RAC should make decisions that will

have major impact on the field of gene therapy such as establishing criteria for prenatal

gene therapy rather than attempting to review all the submitted protocols. Dr. Miller said

[46] Recombinant DNA Research, Volume 20



Recombinant DNA Advisory Committee- 9/12-13/94

that he was uncomfortable with the current proposal since the RAC already had adopted

an Accelerated Review procedure to address the overload problem. Procedurally, the new
system will limit the RAC’s ability to amend its own guidelines. Dr. Erickson made the

observation as someone who had served on the RAC before, that the present proposal

might not greatly simplify the review process. Dr. Doi indicated his inclination for

deferral until the FDA finalizes its guidelines for IND submission. Dr. Noguchi said that

consolidated NIH/FDA review system is a radical idea that requires joint effort from both

agencies and the public in order to finalize its plan. Dr. Anderson agreed on the principle

of the simplified review system but expressed his concern that the public will lose track of

all gene therapy protocols including minor modifications if all submissions are routed

through the confidential FDA process. He stressed that the data management function

should remain in the public domain within the ORDA Dr. Noguchi said that data

monitoring will be enhanced with its pilot project to create a comprehensive computer

data base for its IND process, and that these data will be made available to the public.

Dr. Anderson said that FDA data base is confidential and not all information can be

made public. The final agreement has to assure that the RAC is able to make the

information available even though the submission is to FDA Dr. Noguchi said that public

access is a crucial point of the proposal.

Dr. Walters called on Dr. Noguchi to present his prepared remarks. Dr. Noguchi

acknowledged that the joint agreement for the NIH/FDA consolidated review was drafted

in a very short order during the AIDS Task Force meeting. Dr. Noguchi said that from

the FDA’s viewpoint, the public nature of the oversight process has allowed the field of

human gene therapy to progress very rapidly in the past. The public dissemination of the

information regarding the adverse effects of Dr. Crystal’s protocol on the use of an

adenovirus vector to study cystic fibrosis resulted in a timely readjustment of the dosing

schedule for several other similar clinical trials. FDA has a congressionally mandated
regulatory authority over certain areas, but it cannot act in areas where there is no legal

authority. The RAC is not a creation of law and, therefore, can complement the

restrictions imposed on the FDA FDA gets its authorization when there is a disaster and

the RAC has prevented disasters. Dr. Noguchi said that the joint review is a real

opportunity for both parties.

Dr. Secundy favored deferral for the present and suggested a small group of RAC
members to work with FDA for the final plan. Ms. Meyers expressed her concern about

the fact that FDA needs to keep trade secrets confidential. Confidentiality will impede
public accountability of gene therapy studies. She questioned whether FDA has enough
resources to perform the additional responsibility relative to human gene therapy, and

whether FDA has appropriate staff to evaluate the ethical issues and the Informed

Consent documents. She mentioned and Mr. Capron recalled a lawsuit against the RAC
in 1989 for failing to duly announce a RAC meeting in the Federal Register. Dr. Walters

said that a lawsuit was brought by the Foundation on Economic Trends and was settled

out of court at the time of RAC approval of the first gene marking protocol. Ms. Meyers
asked if the proposed arrangements will be a problem for the confidential FDA process.

She considered that public oversight is still needed at the present stage of development of

human gene therapy since the long-term possibly untoward effects are not clearly
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understood. Ms. Meyers indicated she could not vote for the proposal at present.

Dr. Miller asked what portions of the IND submission will be made available to the RAC.
Dr. Noguchi responded they will include clinical protocol, Points to Consider

,
Informed

Consent document, and enhanced data reporting. All communication with the

investigators will be handled by FDA Dr. Miller was unsure that FDA without the RAC
input, will be able to adequately follow-up the stipulations attached to RAC approval of

each protocol. He was concerned about the closed discussions inherent in the FDA
review. Dr. Miller reiterated his view that the current system functions well. FDA and

the RAC already have fruitful interactions in the development of criteria for evaluating

retroviral vectors.

Responding to a question by Ms. Meyers, Dr. Noguchi said that FDA has adequate

resources to deal with gene therapy protocols. His Division of Cellular and Gene
Therapies has 14 Ph.Ds, 10 M.Ds (or M.D.-Ph.D.) research scientists, and an additional 6

to 8 Ph.D. review scientists. There are 4 to 5 physicians with subspecialty certification

from the Clinical Trial Designs Group, and 4 Ph.D. scientists from the Development

Group. There is a total of about 70 full-time equivalent personnel available to review the

human gene therapy protocols. Dr. Noguchi admitted that FDA does not have ethicists

on its staff, and the contribution of ethicists and public members on the RAC will

complement FDA shortcomings in dealing with issues related to Informed Consent

documents.

Dr. Parkman said that one point that is unique to the RAC is its ability to evolve its

review criteria and process as each protocol is reviewed. He was concerned about the

rigidity of the review process that will be codified in FDA regulation. The present

categories of Accelerated Review can serve as a dividing line to have those protocols

reviewed by FDA The RAC should be notified at its meeting of the accelerated

protocols reviewed by FDA and be able to question its appropriateness. Dr. Parkman
indicated that he would be more comfortable in approving the consolidated proposal if the

detailed plan of implementation had been presented.

Mr. Capron commented that the factors which may contribute to the need for RAC review

are described in a very elastic language. It is important to have FDA commitment that all

accelerated protocols and its follow-up on data reporting and minor modifications will be

reported back to the RAC, and the information will be made publicly available. Dr.

Wivel clarified a question by Dr. Anderson that data reporting will include all protocols

that are submitted to FDA and not limited to those proposals reviewed by the RAC. Mr.

Capron was concerned that if Points to Consider is deleted from the NIH Guidelines, the

RAC would lose its ability to require certain information from the investigators and to

effect the continuing evolution of this document. He asked if there is any provision for

investigators to demand public RAC review of their protocols to minimize their risk of any

future untoward adverse effects. Mr. Capron asked is there any protocol that has been

approved by FDA while still pending RAC review. Dr. Noguchi replied that FDA waits

for final RAC/NIH approval before making its own approval. Dr. Anderson noted a

single exception of the expedited review of a single patient protocol submitted by Drs.
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Robert Sobol and Ivor Royston in 1993. Mr. Capron expressed his support of the concept

of consolidated review.

Responding to a question by Ms. Meyers about public access to the information, Ms.

Wilson (ORDA) explained that for those IND applications submitted to FDA but not

reviewed by the RAC, the public portions of the INDs including Points to Consider and

Informed Consent document will be kept at the ORDA and will be made publicly

accessible. The protocols will be tracked by using the FDA’s IND numbers. Dr. Noguchi

said this public accessibility is the aspect that FDA by law cannot do by itself. He
proposed an FDA/ORDA/RAC working group to address problems of long-term

consolidation.

Dr. Walters said that the discussion on the proposal for NIH/FDA consolidated review

will resume tomorrow morning, and the RAC should achieve cloture for a final vote.

XI. ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING A HUMAN
GENE TRANSFER PROTOCOL ENTITLED: A PILOT STUDY OF AUTOLOGOUS
HUMAN INTERLEUKIN-2 GENE MODIFIED TUMOR CELLS INPATIENTS WITH
REFRACTORY OR RECURRENT METASTATIC BREAST CANCER/DR. LYERLY

Review-Dr. Smith

Dr. Walters called on Dr. Smith to present his primary review of the protocol submitted

by Dr. H. Kim Lyerly of Duke University Medical Center, Durham, North Carolina. Dr.

Walters remarked that the discussion will be divided in two parts: an open session and a

closed session to discuss the proprietary information regarding the construction of the

vector and its sequence. This is the second time in the review of gene therapy that the

RAC has to hold an executive session. The other occasion was when confidential patient

information was discussed during a single patient expedited review.

Dr. Smith said that this protocol is another cancer vaccination. This protocol proposes to

utilize an AAV provirus based plasmid DNA complexed with a cationic liposomal vehicle

to transduce autologous breast cancer cells with the gene for human EU2. The transduced

cells will be administered subcutaneously to patients in an accelerating dose schedule for 4

doses (0.1, 0.5, 1.0, 5.0 x 10
8
cell every 4 weeks for 4 months). The endpoints to be

assessed include: (1) toxicity, (2) in vitro immunological reactivity to the breast cancer

cells, (3) duration of clinical response, and (4) patient survival. Patient selection will

include those with metastatic disease who have failed all conventional therapy. The plan

would require 20 patients.

There are two major differences from previously approved protocols: (1) it involves

breast cancer; and (2) it uses a plasmid DNA derived from the AAV to deliver the IL-2

gene in a liposome complex. In terms of the disease, it has long been held that breast

cancer, unlike melanoma and renal cell carcinoma, is not particularly immunologically

responsive to vaccination therapy. The investigator has provided encouraging preclinical

data in the mouse model to demonstrate that this approach might be useful in preventing
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tumor establishment and treating established tumors.

This protocol was initially submitted to the 1994 June RAC meeting but it was

subsequently withdrawn prior to consideration since there was a need for an executive

session of the RAC to consider proprietary information. There was insufficient time to

announce such a session in Federal Register. Most of the questions raised in that initial

review have been adequately answered by the investigator. Dr. Smith had two remaining

questions. (1) Is the radiation dose sufficient to kill the transduced autologous cell line

while still permitting adequate expression of the transduced EL-2 gene? (2) The second

question concerned the origin of IL-2 produced in the primary tumor cell population. The
investigator transduced a primary cell culture established from breast cancer, which is a

mixture of tumor cells and lymphocytes. Although most of the T-lymphocytes have been
eliminated from the culture, the IL-2 produced could potentially originate from the

remaining T-lymphocytes, either by lymphokine production stimulated by the transduction

procedure or by expression of the IL-2 transgene itself. Dr. Smith asked if the investigator

had data to show that IL-2 is produced by the transduced tumor cells. Dr. Smith said this

information is needed for eventual scientific interpretation of the results of the trial but is

not crucial for RAC approval of the protocol. The preclinical data is adequate to justify

the present technology. Dr. Smith said the investigator has supplied most other data, and

barring further discussion with respect to the specific vector, this is an approvable

protocol.

Review-Dr. Doi

Dr. Doi said that he had a few questions, but that most of them had been satisfactorily

answered by the investigator in his written response. He favored approval of the protocol.

The questions Dr. Doi asked were as follows: (1) What is the reason for the transient

nature of high expression (i.e., 1-3 days)? (2) Is the level of DL-2 production sufficient for

obtaining the desired immune response? (3) Is there any control study with unmodified

tumor cells? Is the toxicity expected to be only from IL-2 or from other "cellular" effects?

(4) Is there any plan to inject the DNA/liposome complexes directly into tumors? and (5)

Has the plasmid DNA vector construct been totally sequenced?

Review-Ms. Meyers

Ms. Meyers said her comments were all answered satisfactorily, and that the Informed

Consent document was acceptable.

Other Comments

Dr. Parkman asked if there was a minimal level of IL-2 production for administration to

patients. There is a hundredfold difference in IL-2 production between mouse cells and

human tumor cells. Will this difference impact on clinical outcome? Dr. Smith said that

EL-2 production in human cells is roughly at the same level in one of the animal

experiments. Dr. Miller said the information in the submitted data regarding the IL-2

levels is unclear. Dr. Doi asked the investigator to explain the statement in his response
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that the level of IL-2 required to show clinical benefit is unknown at present.

Investigator Response--Dr. Lyerly

Responding to a question by Dr. Smith regarding the origin of IL-2 production. Dr. Lyerly

said that after transducing the primary cell culture, tumor cells were purified and T cells

were isolated by phenotypic markers. No measurable IL-2 production was observed in T
cells. The other experiment used an irrelevant plasmid as a control for transfection, and

no IL-2 production was obtained. Thus, it was not due to nonspecific activation of the

residual T cells. The other types of studies in which the IL-2 gene delivery and expression

into tumor cells is to look for intracellular IL-2 expression. Such studies are ongoing.

Dr. Lyerly explained that the unit for expressing IL-2 production is defined as pg/ml/10 6

cells/24 hours. Dr. Miller said that this unit is not interpretable since one cannot have

exactly 10
6
cells in one ml. Dr. Lyerly said it refers to one ml supernatant from a tissue

culture dish of approximately 10
6
cells. The IL-2 level is corrected for actual number of

cells in each dish. Dr. Miller suggested leaving out the "ml" in the definition to avoid

confusion.

Responding to the question of IL-2 levels required for clinical response, Dr. Lyerly said

that in animal experiments, 1,000 to 2,000 pg IL-2/ 10
6
cells/24 hours, demonstrated

protection against tumor metastasis. Initially, the level of IL-2 production in primary

tumor cells was 200 to 800 pg/10
6
cells/24 hours. After improving the techniques, IL-2

levels comparable to the animal studies, i.e., 1,000 to 2,000 pg were achieved. Dr. Lyerly

noted the problem of IL-2 production in this kind of therapy, and that was the reason for

choosing the present vector. In these primary breast cancer cells, the production of IL-2

was undetectable using the retroviral vectors.

In response to Dr. Doi’s question about the optimal level of IL-2, Dr. Lyerly said that

there has been no reported data suggesting that there is an optimal level for T cell

immune response. TTie consensus is that the more the better, and the reasonable starting

level would provide the protection against tumors in the mouse model.

Dr. Miller asked about the explanation for the extremely high level of EL-2 production

shown in one of the experiments. Dr. Lyerly said the high level, i.e., 200,000 pg/10
6

cells/24 hours, was obtained from a human breast cancer cell line, MCF-7, which can be

grown as a monolayer in a tissue culture dish. That level has not been achieved with

primary tumor cells. Dr. Parkman asked what IL-2 level was used when animal

experiments demonstrate efficacy. Dr. Lyerly said it is about 1,000 units, and it is a level

achieved with primary tumor cells.

Committee Motion

Dr. Smith made a motion to approve the protocol pending review of the vector in the

closed session. Dr. Doi seconded the motion.
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OPEN SESSION: The RAC approved a motion made by Dr. Smith and seconded by Dr.

Doi to accept the protocol submitted by Dr. H. Kim Lyerly of Duke University Medical

Center, Durham, North Carolina, by a vote of 13 in favor, 0 opposed, and 1 abstention.

Approval of the protocol is contingent on approval of proprietary information presented

during the closed session.

Dr. Samulski abstained from voting since the protocol was submitted before he joined the

RAC.

EXECUTIVE SESSION/CLOSED: The RAC approved a motion made by Dr. Miller

and seconded by Dr. Erickson to approve the proprietary information presented during

the closed session by a vote of 14 in favor, 0 opposed, and no abstentions.

Summary

Dr. H. Kim Lyerly of Duke University Medical Center, Durham, North Carolina, may
conduct gene transfer experiment on 20 subjects (> 18 years of age) with refractory or

recurrent metastatic breast cancer. The autologous primary breast cancer cells will be

transfected with a plasmid DNA vector in a liposome complex to produce human
interleukin-2 (ID2). The plasmid DNA vector termed pMP6-IL2, encoding the human IL-

2 gene is derived from the AAV. After transfection, the tumor cells will be lethally

irradiated and administered subcutaneously to the patients in an escalating dose schedule.

The primary objective is to evaluate the safety of treating patients with the transduced

cells. The secondary objectives are to determine the effects on cytotoxic T lymphocytes

and to evaluate clinical response and duration of responses to the treatment.

XII. CHAIR REMARKS/DR. WALTERS

Dr. Walters solicited input from the RAC regarding Dr. Varmus’ suggestion about an ad

hoc committee to review RAC activities. Since this item was not announced in the

Federal Register, no formal vote could be taken but suggestions were to be sent to Dr.

Wivel or Dr. Walters in order to be transmitted to Dr. Varmus.

Dr. Walters stated that the RAC recommended approval of Dr. Lyerly
5

s protocol following

review of the proprietary information about the structure and sequence of the vector in

the executive session of the RAC.

Dr. Anderson found it ironic that the RAC as a public body had to hold a closed session

to review a portion of Dr. Lyerl/s protocol. He suggested that Section IV-E-5, Protection

of Proprietary Information, should be deleted from the NIH Guidelines. Companies should

provide public access to all protocol information to allow a level playing field. If every

company starts to request executive sessions, it would be contrary to the mission of the

RAC to provide an open forum for discussion of human gene therapy protocols. The

reason for the closed session cited by Dr. Lyerl/s sponsoring company was to protect

patent information. Dr. Anderson said that once a patent application is submitted,

company’s rights are protected. There was sufficient time for the company to file for
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patent protection before the RAC meeting. Dr. Anderson said that the closed session

should be discontinued for the RAC meetings except for exceptional circumstances (e.g.,

patient confidentiality). Dr. Miller remarked that Dr. Lyerly’s company has yet to file for

patent application, but he conceded that there was nothing discussed in yesterday’s closed

session that could not be reviewed in a public meeting. Dr. Walters remarked that this

was the first occasion in recent history of RAC meetings that proprietary information was
reviewed in a closed session since the last instances in the early era of recombinant DNA
research of 1980 and 1981. The other occasion of a closed session was to protect patient

confidentiality in the discussion of a single patient expedited review in 1993.

XIII. CONTINUATION OF THE DISCUSSION REGARDING PROPOSED AMENDMENTS
TO SECTIONS I, III, IV, V AND APPENDIX M OF THE NIH GUIDELINES
REGARDING NIH AND FDA CONSOLIDATED REVIEW OF HUMAN GENE
TRANSFER PROTOCOLS/DRS. WIVEL AND NOGUCHI

Dr. Walters noted that there was no one from the audience who had submitted written

comments on the consolidated review and wanted to make a comment. He introduced a

revised proposal submitted by Dr. Noguchi following the previous discussion on the

NTH/FDA consolidated review system. The FDA proposal reads as follows:

o Appendix M, Points to Consider

,

will not be deleted from the NIH
Guidelines. The NIH Guidelines will be modified to require Appendix M,
Points to Consider, to be submitted directly to FDA before the IND. FDA
will update their guidance documents in a similar manner. When necessary,

the RAC will continue to be responsible for modifying Appendix M, Points

to Consider.

° FDA/ORDA/RAC will decide on the necessity for full RAC review. The
submitted Appendix M, Points to Consider, will be publicly available for all

human gene transfer submissions even if RAC review is not required.

° RAC/FDA will broaden their scope of review in gene transfer to jointly and
prospectively address global issues on a regular basis, e.g., ethical

considerations in the implementation of a gene therapy patient registry,

access for "orphan'
1

genetic disease patients to therapies, criteria for prenatal

gene therapy, and transgenic technology for xenotransplantation.

° FDA/ORDA/RAC will establish a working group to enhance data

monitoring efforts that will be maintained by ORDA.

° An FDA/ORDA/RAC working group will be established to consider long-

term consolidation. The working group will have input from public,

academic and corporate sources.

Dr. Walters called on Dr. Noguchi to present the FDA proposal. Dr. Noguchi used a
slide to illustrate the different logistical backgrounds in the creation of the RAC and FDA
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initiatives. FDA initiatives are very much in response to hazards that have been known.

In 1902, the Biologies Control Act was enacted following an episode of contamination of

diphtheria antisera with tetanus, resulting in 11 deaths in St. Louis. For most biologies,

the efficacy has never been in doubt; the regulation is mainly to ensure safety. In 1981, it

was demonstrated that a recombinant protein could be produced in bacteria, and very

shortly a recombinant growth hormone was produced. On the other hand, the RAC was

created following a moratorium on recombinant DNA research at the Asilomar

Conference and approved its first gene transfer protocol in 1988. The FDA responded in

1991 by issuing its own Points to Consider for human gene transfer studies; and in 1992,

created the Division of Cellular and Gene Therapies within the Center for Biologies

Evaluation and Research of FDA. A recent notice on Application of Current Statutory

Authorities to Human Somatic Cell Therapy was published in the Federal Register on

October 14, 1993, and on Regulation of Somatic-Cell Therapy by the FDA was published

in the New England Journal of Medicine, Volume 329, pp. 1169-1173, October 14, 1993.

Dr. Noguchi noted that in the last couple of years, NIH and FDA had started productive

interactions, and the RAC has provided a public forum to discuss gene therapy issues.

Under the Biologies Control Act and the Food, Drug, and Cosmetic Act is a large body of

proprietary information that FDA has to protect. Dr. Noguchi said that in gene therapy

area, this should not be an issue since the crucial development is the biology of gene

transfer which can be discussed in public rather than the proprietary information of vector

preparation. In response to concerns raised by Dr. Miller and Ms. Meyers, Dr. Noguchi

said that in the revised FDA proposal, the Appendix M, Points to Consider, will be

retained in the NIH Guidelines and will be allowed to continuously evolve as new ethical

and societal issues are raised. The investigators will submit responses to the Points to

Consider simultaneously to both FDA and ORDA in order to determine its need for RAC
review.

Dr. Noguchi used a slide to illustrate adverse reactions encountered in clinical trials of

biologies. Dr. Jonas Salk personally immunized over 100,000 individuals with his polio

vaccine without any adverse events. It was not until the company started to produce this

vaccine en masse for the polio campaign that large-scale contamination by simian virus 40

(SV40) occurred. The amount of formalin used in the large scale production process was

not sufficient to inactivate SV40, and hundreds of thousands of individuals were exposed

to this virus. Fortunately, no sequelae have been directly linked to that exposure. Yellow

fever vaccine was contaminated by retroviruses. Many fatalities were associated with the

vaccine for respiratory syncytial virus. Most recently, an incidence of outbreak of

replication competent retroviruses has been experienced in the production of retroviral

vectors, and there were instances of adverse events in gene therapy trials with adenovirus

vector and in the treatment of brain tumors with retrovirus producer cells.

Addressing concern that RAC will cede its oversight role to FDA, Dr. Noguchi suggested

that RAC continues to provide public review of the emerging issues. Dr. Noguchi

mentioned a concern about the prohibitive cost of biosafety testing of retroviral vectors

raised by the public testimony in the retroviral production meeting held by FDA following

the RAC meeting. The high cost of vector testing will hinder access of "orphan" disease
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patients to gene therapy. Dr. Noguchi suggested that the RAC can influence public policy

about this concern. Other areas the RAC can address through public discussion are a

gene therapy patient registry, criteria for prenatal gene therapy, gene therapy for

enhancement, and transgenic technology for xenotransplantation, in which transgenic

baboons and pigs will be used as organ donors for human transplantation.

Dr. Noguchi addressed concern about the logistics and merits of the consolidated review

system. In order to maintain the public nature of gene therapy protocols, the FDA will

adopt the current Appendix M, Points to Consider, and the investigators will be required to

submit this document to FDA/ORDA before submission of an IND. Dr. Noguchi said

that once an IND is submitted, FDA reviewers are assigned; and it will be given a

response within 30 days under a statutory mandate. FDA/ORDA/RAC will decide on

necessity for full RAC review. The RAC review will proceed in the pre-IND period.

Whether reviewed by the RAC or not, the Points to Consider submitted by the

investigators will continue to be publicly available. FDA has resources to enhance data

monitoring efforts, and these data will be made available to the public through the

ORDA FDA/ORDA/RAC will establish a working group to implement a long-term

consolidation with input from public, academic, and corporate sources.

Dr. Parkman expressed the feeling of the RAC about the consolidated review as being

ambivalent. The political reality is that both Drs. Kessler and Varmus have committed to

the idea of a one-stop "shopping" mechanism. He was delighted that Dr. Noguchi

responded to the RAC concern by adopting the Points to Consider and assured the role of

the RAC in the continued evolution of the document by keeping it as Appendix M of the

NIH Guidelines. Dr. Parkman said that the list of all protocols, including those deemed
not to require RAC review, should be reported to the RAC at its next quarterly meeting,

and that the RAC should retain its ability to recall any of those protocols for full RAC
review, if necessary. Dr. Parkman expressed the desire to wait until the next meeting to

vote on this issue when the detailed procedures of the review process are worked out. Mr.

Capron said the revised FDA proposal is an evolution in the right direction, but he still

favored deferral of any formal action at present. Ms. Meyers said Dr. Noguchi has

responded to her two major concerns, i.e., public access to the information submitted by

investigators in response to the Points to Consider, and the RAC’s role in its continuous

evolution. Dr. Chase said that it is fruitless to resist the change of the review process, and

he lauded the administration’s efforts to refocus the RAC’s role to deal with the global

issues of gene therapy in a public forum.

Mr. Capron recalled that the creation of the RAC effectively made congressional

legislation to regulate a nascent scientific field unnecessary. The RAC was created in

response to the issue of potential dangers of recombinant DNA research expressed in the

AsUomar Conference of 1975, and to the recommendation by the President’s Commission

report. Splicing Life, regarding human gene therapy. At those times, Congress held several

hearings and was considering legislation to regulate these areas of concern. To ease these

concerns, the RAC was formed consisting of scientific and public members; later a Human
Gene Therapy Subcommittee provided public oversight in these areas. The industry

demonstrated its voluntary compliance to the NIH Guidelines. The present reform of the
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review process in response to the National AIDS Task Force is a continuation of the

RAC’s own Accelerated, Review reform. Mr. Capron was comfortable with the

arrangement that all submissions would be routed through FDA. But he still expressed

concern about the current state of the art regarding patient outcome in the gene therapy

trials, e.g, safety and other patient follow-up data. Given the relative paucity of data,

lesser scrutiny by RAC may not be justified. Ms. Meyers asked if efficacy criteria should

be required for so many cytokine studies. Dr. Parkman said no efficacy has to be

demonstrated in these Phase I studies since the patient’s cancer is very often too advanced

to respond to gene therapy; efficacy is not the primary endpoint of these trials.

Committee Motion

Dr. Walters asked if there was a motion for approving the concept of consolidated review.

Dr. Miller said he would be ready to propose such a motion. He said that the revised

FDA proposal has addressed his main concern that the RAC will maintain control over its

Points to Consider
,
and it is not important which agency receives submissions. At present,

the RAC-approved categories of Accelerated Review protocols can be adopted as a

guideline for proposals that will not require RAC review. Dr. Parkman reminded that the

categories served only as guidelines. For unusual experiments, even those falling within

categories such as the administration of retinoblastoma cells secreting interleukin-2 into a

child’s eye, would not be exempted from RAC review. Dr. Miller said that he would vote

for the proposed guideline changes within the general concept of NIH/FDA consolidated

review. Specifically, he would sanction the revised FDA proposal submitted by Dr.

Noguchi. Dr. Zallen seconded the motion.

Discussion

Dr. Walters considered that it was important to keep the Points to Consider within the

NIH Guidelines. The document has evolved in the last 10 years under the purview of the

RAC. Ms. Meyers expressed her remaining concern about lack of ethicists in FDA staff

in dealing with ethic issues even for those "me too" experiments in regard to the Informed

Consent documents. Dr. Noguchi assured Ms. Meyers if there is any question concerning

safety and subjects’ rights, the RAC will be consulted. These issues are of paramount

importance to FDA’s review. Dr. Noguchi mentioned as an example, the ethical dilemma
in their approval of gene therapy for newborn infants in the adenosine deaminase (ADA)
deficiency protocol. The RAC provided guidelines for the FDA process.

Dr. Zallen asked Dr. Noguchi two questions: (1) The investigators presumably are still

required to produce as many documents as in the old review system. Will the new system

be more efficient? (2) The RAC will continue to evolve its Points to Consider. Will FDA
amend its document? Dr. Noguchi said that FDA’s intent is to abide with the Points of
Consider as much as possible and has no intention of unilaterally revising this document

since it is a part of the NIH Guidelines. Responding to a question by Dr. Miller, Dr.

Noguchi said that FDA will keep its own Points to Consider dealing with the vector

manufacturing process. The joint review process will be developed with public, academic,

and corporate inputs to make it as efficient as possible. Dr. Ross suggested re-evaluation
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of the new system after it is implemented.

Dr. Straus said that the RAC is eager to see this conceptual process move forward. He
was not sure what is to be voted on since the administrative decision to implement this

new system was already made, and Dr. Varmus has proposed the formation of an ad hoc

committee to review RAC activities. Mr. Capron explained that the thrust of the motion

is to endorse the revised FDA proposal presented by Dr. Noguchi to keep the Points to

Consider under the NIH Guidelines and to disapprove the proposed deletion of this

document from the NIH Guidelines, as announced in the Federal Register on August 23,

1994. Mr. Capron would vote for Dr. Miller’s motion, but he agreed with Dr. Straus’

assessment that the major action will come from Dr. Varmus’ proposed ad hoc committee.

Dr. Walters said the RAC is endorsing the concept and will pass the endorsement to the

ad hoc committee.

Mr. Capron said that under the new system, only those essentially repetitive experiments

will be exempt from RAC review. Most AIDS gene therapy protocols represent new
approaches and will continue to have full RAC review. The proponents of the new review

system in the National AIDS Task Force may not be terribly satisfied. All the submitted

Points to Consider will be filed at ORDA, and the master list of all the approved protocols

and data reporting will be maintained as a public record.

Dr. Parkman commented that Dr. Varmus had touched on two important issues: (1) the

global philosophical question of what are the pertinent RAC activities; and (2) to refine

the review criteria and establish consistency in applying these criteria to the review of

each protocol. Dr. Wivel said that the elements that define RAC review have been

deliberately left loose enough so that they provide guidance rather than restriction. The
whole process is contingent on a case-by-case review with a flexibility inherent in this type

of approach. Dr. Walters remarked that Dr. Varmus’ proposal for ad hoc review

originated from his recent review of a RAC recommendation regarding the Curiel

protocol, and it is independent from the NIH/FDA consolidated review proposed at the

AIDS Task Force meeting. Dr. Parkman agreed that the expected criteria for RAC
approval such as preclinical data are not clearly defined in the Points to Consider

,
and

what Dr. Varmus has suggested is to define these criteria more closely in dealing with

different kind of diseases.

Dr. Walters called for a vote on Dr. Miller’s motion. Dr. Wivel stressed that the motion

will nullify the proposed deletion of the Appendix M from the NIH Guidelines. Mr.

Capron said that retention of Appendix M is stated in Dr. Noguchi’s proposal, and the

motion is to approve this proposal. Dr. Noguchi remarked that the last element of his

proposal is to form a working group to propose long-term consolidation, and this element
possibly can be combined with the ad hoc committee proposed by Dr. Varmus. Mr.

Capron pointed out that Dr. Varmus’ proposal is an "external review" of RAC activities,

and it is a prerogative for a NIH Director to perform this kind of review. The vote to

endorse the FDA proposal is to endorse the concept and the direction of the NIH/FDA
consolidated review. Dr. Chase said that the minutes will reflect deliberation of the intent

of the motion that Appendix M will not be deleted from the NIH Guidelines
,
and the
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motion endorses the process proposed by the FDA. Dr. Wivel said there is no need for

another Federal Register announcement in order to have a vote on this proposal. The
results of the RAC action, when approved by the NIH Director, will be published in the

Federal Register.

Committee Vote

The RAC approved a motion made by Dr. Miller and seconded by Dr. Zallen to accept

the following: (1) the FDA proposal submitted by Dr. Noguchi; (2) adopt the Categories

for Accelerated Review that were approved by the RAC at its March 3-4, 1994, meeting, as

guidelines for proposals that will not require RAC review (until such criteria have been

established by an ad hoc review committee proposed by Dr. Varmus); (3) FDA and the

RAC will establish a subcommittee to examine the consolidated review process for human
gene transfer protocols; and (4) accept the proposed amendments to the NIH Guidelines

to reflect this revised consolidated review process (including acceptance of Appendix M
and incorporation of necessary editorial changes).

The motion was approved by a vote of 15 in favor, 0 opposed, and 1 abstention.

Acceptance of the proposed amendments to the NIH Guidelines is contingent on review

and approval of these amendments by NIH and FDA legal counsel, the NIH Director, and

the FDA Commissioner.

Ms. Meyers thanked Dr. Noguchi for his efforts in crafting the FDA proposal. Dr.

Merchant (Viagene, Inc., San Diego, California) commented from his vantage point as a

former NIH and FDA employee that the RAC vote is very pertinent for the rapidly

evolving field of human gene therapy. By not allowing the RAC to evolve into a Study

Section that involves itself constantly with "nuts and bolts," the RAC will be able to really

concentrate on the novel applications of gene therapy. It was Dr. Merchant’s opinion that

the more time that the RAC spends in a truly deliberative and advisory capacity and the

less time with simple review issues, the more effective the RAC can be in helping the

American public.

XIV. ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING A HUMAN
GENE TRANSFER PROTOCOL ENTITLED: RETROVIRAL-MEDIATED TRANSFER
OF THE IDURONATE-2-SULFATASE GENE INTO LYMPHOCYTES FOR
TREATMENT OF MILD HUNTER SYNDROME (MUCOPOLYSACCHARIDOSIS TYPE
II)/DR WHITLEY

Review-Dr. Erickson

Dr. Walters called on Dr. Erickson to present his primary review of the protocol

submitted by Dr. Chester B. Whitley, University of Minnesota, Minneapolis, Minnesota.

The overall purpose of this study is to evaluate the possibility of treating Hunter syndrome

(mucopolysaccharidosis type II)
,
a severe heritable disease, by a form of gene therapy

using a LXSN-class vector, L2SN. This vector is a retrovirus genetically-modified to carry

the normal gene for human iduronate-2-sulfatase (IDS), which is lacking in patients with
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Hunter syndrome. For treatment, lymphocytes will be removed from the patient, grown in

the laboratory, and exposed to the L2SN vector. The treated lymphocytes will then be

returned to the subject by intravenous injection. It is hoped that the treated lymphocytes

will survive in the blood stream for several days or longer and will be able to partially

replenish the IDS enzyme which is missing. It is hoped that some symptoms of Hunter

syndrome will be slowed, prevented, or reversed by this treatment. The specific objectives

of this study are: (1) to determine the amount of IDS enzyme that can be produced in

the body after injection of transduced lymphocytes; (2) to determine how long the

modified lymphocytes can survive in the blood stream; (3) to determine if the gene

modified lymphocytes will reduce the abnormal amounts of glycosaminoglycan storage

material in urine; (4) to determine if the gene-modified lymphocytes will decrease the

size of patient’s enlarged liver and spleen, and if treatment will improve heart and

respiratory functions; and (5) to determine if there are any other effects of this new form

of treatment, i.e., other improvement and side-effects.

Dr. Erickson said that children with Hunter syndrome are usually bom looking normal.

With increasing years, they start to look abnormal, and the disease was given the

unfortunate name of gargoylism years ago. As the storage material accumulates in the

internal organs, it affects lung and heart functions. Children usually die by the age of 10;

but in the mild variant of the disease, these children will survive much longer. This is a

lysosomal storage disease similar to Gaucher disease, and it is a reasonable target for

gene therapy.

The investigator provided preclinical data which shows successful expression of the IDS
enzyme in the transduced cells, and the enzyme produced by the transduced cells can

partially correct cells lacking IDS. Dr. Erickson’s major concern was the patient selection.

Some patients with the mild form of the disease have lived to the fifth decade and have

reproduced. The "mild" has been used to designate a form of Hunter syndrome with

normal and sometimes subnormal intelligence. Thus, it is frequently a matter of degree,

and the choice of patients who would optimally benefit from this therapy is quite critical.

Mere identification of the particular mutations, as proposed by the investigators, is

probably not adequate to identify the appropriate cases. Although it may be rare, there

has been moderate heterogeneity even within a single family.

Dr. Erickson’s second critique was about the efficacy of this gene therapy. In preclinical

studies, transduced cells were selected for high IDS expression by G418, and the actual

proposed protocol, such a selection will not be used. IDS expression on average is about

50% of the normal level, and it is not certain how much efficacy would be achieved with

such a level of IDS expression. Dr. Erickson said that bone marrow transplantation

(BMT), particularly with the cord blood, will be a better alternative. The cross correction

in reducing the glycosaminoglycan storage with the gene transfer is only about 60%. The
usual classic correction would need to have a level of 20% reduction. But this protocol is

a Phase I study, efficacy is not a major endpoint.

In conclusion. Dr. Erickson said that this vector has been previously approved by the

RAC, the approach of gene modification of peripheral blood lymphocytes and treating
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patients with cell infusion are all well established procedures, and there can be some hope
of efficacy. Dr. Erickson would recommend approval. But he would like to limit the

patients population to adults that can give informed consent. There are enough of those

patients for a trials of 4 or 5 patients.

Review-Dr. Saha

Dr. Saha agreed that Hunter syndrome is an excellent target disease for gene therapy.

Most of the affected patients will be males. He asked several questions. (1) Patient

selection. The patients with mild Hunter syndrome have a life expectancy of 30 to 40

years. Dr. Saha asked if the more severe Hunter syndrome patients are more appropriate

target for this initial Phase I study. The mild patients can be treated after the efficacy and

safety questions have been resolved. (2) Number of patients in the study. The study will

involve 2 children and 2 adults. The numbers are too small, and he suggested to target

the adults in the first trial to have 4 adults or at least 3 adults. (3) Transduction efficiency

of lymphocytes. The transduction efficiency of lymphoblastoid cell lines in the preclinical

studies is very good. The transduction rate of the peripheral blood lymphocytes without

G418 selection as proposed in the protocol is quite low. The investigator responded in

writing that the peripheral blood lymphocytes cannot be cultured for longer than 3 to 4

weeks to allow G418 selection. G418 inhibits lymphocyte growth. Dr. Saha said that

based on the present state of art of transduction, he has some reservation about efficacy

of gene transfer to the patients. (4) Vector rearrangement in the transduced cells in

patients. The investigator needs to elaborate on it. (5) Data of RCR testings. Dr. Saha

questioned if the testing data was from 5 ml of supernatant not the 100 ml patient dose

required by the RAC and FDA

Review-Dr. Ross

Dr. Ross agreed with other reviewers that the present protocol will be better to study 4

adults rather than to include children. She has questions about appropriate dosage of the

gene-modified cells for adults and children. The present protocol calls for cell infusion to

patients every month for a total of 12 months. Dr. Ross said it is very difficult to keep

young children for such a prolonged study. The children, after consenting to enter the

study, may regret later that they had to spend such a prolonged period of time to the

study. For these reasons, Dr. Ross would recommend limiting the study to adults.

Other Comments

Dr. Doi asked about the validity of the idea of transducing lymphocytes to correct for

lysosomal storage diseases. Dr. Erickson said that the whole basis of the idea is that the

lysosomal enzymes released from the transduced lymphocytes will be taken up by other

cells. The alternative BMT treatment does not help the symptoms of the central nervous

system in classic Hunter patients since the IDS enzyme released from lymphocytes cannot

cross the blood brain barrier. The overall approach is similar to the treatment of Gaucher

disease. But Dr. Erickson was not impressed by the cross correction data presented by the

investigators.
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Dr. Parkman said uptake of cross correcting enzymes varies from disease to disease. Most

of the classic studies have been done for Hurler syndrome. Dr. Parkman asked the

investigators to elaborate on data of a study conducted at the University of Minnesota in

1993 about survival after BMT for patients with Hunter syndrome. How many of these

patients have a genotype similar to the present proposed study? What was the clinical

response in this study? Most of the questions have been related to its effect on the

symptoms of the central nervous system. It has some effects on organomegaly or airway

obstruction.

Dr. Parkman agreed with the suggestion of limiting the present study to adults. Unlike

the study of adenosine deaminase deficiency, there are adult patients available for the

study of Hunter syndrome. The RAC could consider the question about whether children

aged 13 to 18 are permissible. Dr. Walters remarked that children are included in the

familial hypercholesterolemia study. Mr. Capron commented that other diseases are fatal

to patients in earlier ages, but in the mild Hunter syndrome, patients over 18 years old are

good candidates for treatment. Dr. Erickson said that the present study will enroll

patients with adequate mental capacity, and those patients will be able to make an

informed consent. It is a strong argument that the study should be limited to adolescents.

Ms. Meyers said that this is a very painful disease and should not exclude children under

18 years of age. She said that her own 8 year old son was able to make an informed

consent to participate in a clinical study.

Ms. Meyers commented that the Informed Consent document should include barrier

contraception for men as well as for women. Dr. Chase said that since humter syndrome

is an X-linked recessive trait with very low fitness, it is largely confined to males. Ms.

Meyers questioned the compensation for research related injuries. She asked the

investigator to address the ethical aspect of limiting the treatment to 1 year period in case

efficacy is demonstrated in the course of the study.

Dr. D. Ginsburg said that alternative treatments for Hunter syndrome are making

progress. If in the near future BMT shows promise, the children who have enrolled in the

present gene transfer study might be excluded from other kinds of treatments. This is

another reason to hold off the proposal to treat children. Ms. Meyers said most orphan

diseases have very few other research projects going on. Dr. D. Ginsburg noted that the

use of BMT is a very active area of research.

Dr. DeLeon said she would include children as suggested by Ms. Meyers since Hunter
syndrome is a progressive disease. It is easier to assess the outcome of the treatment in

children whose disease is in the early stage. Dr. Erickson reminded that this protocol is a

Phase I study, and efficacy is not the major question. Dr. Saha stated he is not asking the

investigators to give up children, just that the initial effort would be better performed on
adults. Dr. Ross agreed on doing the initial study on adults.

Dr. Samulski said that the investigators indicated that they only had resources for 1 year

experiment, and that it was not good to include children in this short study. Dr. Parkman
said that from a scientific point of view, it is better to perform a study on adults in order
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to obtain data on how long the transgene would persist in individuals and how often

patients have to be treated. Children are not reliable subjects to commit themselves to

complete the study. Dr. Samulski supported the idea that this study potentially can yield

data on how long and how frequent gene transfer has to be performed to sustain gene

expression.

On the point raised by Ms. Meyers on limiting the study to one year, Dr. Straus said it is a

sensible decision to inform patients that depending upon outcome, there may or may not

be further investigation. This point can be more clearly stated in the Informed Consent

document to avoid false hope from the patients.

Dr. Chase said that patient’s perception of benefit may be different from scientific

consideration that no benefit is intended for the present study. Dr. Ross said that she has

yet to see the revised Informed Consent document that informs the patients when they

will learn about the outcome of the study.

Dr. Saha would leave the decision if the study will continue after 1 year period to the

discretion of the investigators.

Investigator Response-Drs. Whitley and Mclvor

Dr. Walters called on the investigators to address the issues raised by RAC members. He
noted that Dr. Mclvor has in the past served on the RAC and its Human Gene Therapy

Subcommittee.

Dr. Whitley said that they have extensive experience in treating the Hurler syndrome, the

Type I mucopolysaccharidosis, with transplantation of normal bone marrow into children.

The details of the study have been published. There is not only good somatic response,

but some preservation of neurologic function. In contrast, BMT has seen some success in

treating Hunter syndrome, the Type II mucopolysaccharidosis, in terms of organ shrinking

and airway improvement, but little effect on symptoms of the central nervous system. This

is the reason to choose this disorder for the present study.

Dr. Whitley said that patient selection is one of the most difficult issues. Regarding the

genotype, there are few common gene mutations in this disease except a few hot spots of

gene mutations, and the genetic mutations do not always predict the phenotypes. So

relying solely upon genotype analysis is not a good way of selecting patients. There is

some evidence indicating that patients with mild Hunter syndrome frequently have

alternative splicing of mRNA of the IDS gene. A majority (99%) of the mRNA produces

ineffective IDS enzyme, and only about 1% is making functional enzyme.

The primary patient selection criteria would be some assessment of the clinical severity.

Even mild Hunter syndrome patients very rarely live beyond the age of 40 years.

Although the disease appears mild, frequently there are severe internal organ problems.

The investigators debated among themselves the question of whether to include children
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in the study. One of the reasons in deciding to include children was to assess the dose

effect. The laboratory capacity is limited to the production of enough transduced cells to

provide 20% of a normal circulating lymphocyte enzyme level in an adult patient. Similar

doses of cells would have a better effect on a child since the body weight is much smaller.

If children are treated early, there is better chance of preventing complications.

Considering that this is a Phase I study, Dr. Whitley said he would agree to limit the

present study to 2 adults for a 1 year period and to evaluate the data at the end of the

study.

This initial study is limited due to the constraint posed by the limited resources available

to the investigators at their institution.

Responding to Dr. Saha’s question on vector rearrangement, Dr. Whitley said Southern

blot analysis of vector structure in transduced lymphoblastoid cell line was included in the

submitted materials. No vector rearrangement has been observed in this system. There is

a technical problem in performing similar analysis in the transduced peripheral blood

lymphocytes since these cells cannot be established as cell lines for this kind of analysis.

Regarding the Informed Consent document, revisions will be made according to the RAC
suggestions, including clarification of the barrier contraception statement, and a clear

statement on the 1 year limit to the study. No firm funding is yet available for the present

study. All the testings for vector preparations are very expensive.

Dr. Whitley agreed to limit this study to 2 adult patients, although some of his minor

patients will be disappointed by excluding them in the trial.

Dr. Straus inquired about patient follow-up particularly in terms of assessing how long the

transgene will persist and what proportion of the circulating white blood cells will have the

transgene. Dr. Whitley agreed to do so.

Dr. Chase asked about the cost of performing this study. Dr. Whitley said that just vector

production and testing would cost $1.6 million to treat 4 patients, and additional $200,000

to hire a personnel to transduce the cells. Dr. Chase commented that the prohibitive cost

of gene therapy would be a problem for wide-scale application of this form of treatment.

Dr. Parkman said the cost would be less if a single bone marrow stem cell protocol is

proposed. The investigators chose to perform the peripheral blood cell study first to avoid

the anticipated tough questions of attempting a bone marrow study with children.

Dr. Walters remarked on the cost of gene therapy. As the gene transfer technology is

improved, it is hoped that simplified and cost effective methods will emerge out of this

effort.

Dr. Whitley said that patients will be informed as soon as the study information is

obtained regarding the results of RCR testings.
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Dr. Mclvor addressed questions regarding RCR assays. RCR was assayed by a marker

virus rescue assay. In his assay, upon infection by RCR, a virus containing the neo R

marker gene will be rescued. Using the assay, no RCR has been detected in aliquots of 5

ml supernatants from the L2SN producer cells. No S
+
L‘ assay has been performed yet. In

the future, every vector production lot and master cell bank will be assayed.

Dr. Parkman asked if the RAC criterion of less than 1 RCR per 100 ml patient dose will

be applied. Dr. Mclvor said it has been planned to screen larger volumes of the

supernatants. But he noted the FDA requirement is to screen for 5% of the production

lot, i.e., 500 ml for a 10 liter lot. Dr. Whitley indicated that this kind of screening effort is

excessive and expensive.

Ms. Meyers asked Dr. Noguchi from FDA to comment on this issue. Dr. Noguchi said

that stringent requirement for RCR testing is a result of the primate studies that show that

RCR can cause malignant lymphoma. It is the purpose of FDA’s public meetings to

encourage investigators and sponsoring companies to discuss these RCR testing

requirements. There is not enough data to suggest which levels of testing are adequate.

Lacking reliable safety data to suggest which level of testings such as 5%, 1%, or 0.5% of

a production lot is adequate, FDA’s position as a responsible body is to take a

conservative stand.

Dr. Mclvor commented that the amplification assay for RCR required by FDA is very

costly, around $10,000 per specimen. The marker virus rescue assay is used in most

research laboratory, but not for vector production. Dr. Mclvor said that he is planning to

do the S *L~ assays for replication competent amphotropic virus. Dr. Noguchi emphasized

that there is no inherent reason not to use the marker rescue assay if it can detect RCR to

some degree of certainty.

Mr. Capron commented that RCR is more of a concern for children who have a long life

span with a mild disease. Dr. Mclvor said the question is how far does one have to go in

sensitivity level in order to ensure that the research subjects are being given a safe stock.

Ms. Meyers said that for research that is sponsored by commercial companies, there is less

problem. But the cost is prohibitive for protocol like this one which does not have a

commercial sponsor. Mr. Capron said that if the research is promising, it should be

funded at an adequate level rather than cut the safety standard, and run the risk of

harming people.

Dr. Mclvor said the standard has not been established. Dr. Noguchi agreed it needs to be

established. Ms. Meyers said there should be special federal funds for this type of project.

Dr. Parkman said that clinical research has risks. Is there is a moral imperative to reduce

the risks to as close to zero, disregarding the costs of doing the tests? Dr. Parkman asked

if the marker rescue assay is much cheaper than the amplification test, would the RAC
accept an assay with an error rate of 50% with the understanding that it can save 90% of

the money. Ms. Meyers answered that she would not. Dr. Parkman said that if this

information is disclosed in the Informed Consent document to the patients, would it be

acceptable?
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Committee Motion

Dr. Erickson made a motion to approve the protocol to treat 2 adult patients with the

only other stipulation being a follow-up after the 12 month period of study. Dr. Saha

seconded the motion. Ms. Meyers added that follow-up should be life long.

The RAC approved a motion made by Dr. Erickson and seconded by Dr. Saha to accept

the protocol submitted by Dr. Chester B. Whitley, University of Minnesota, Minneapolis,

Minnesota, by a vote of 15 in favor, 1 opposed, and no abstentions. RAC approval is

contingent on the following: (1) the protocol will be limited to 2 adult subjects, and (2)

patients will be monitored for the presence and expression of the transduced gene for over

1 year following their participation in the study.

Summary

Dr. Chester B. Whitley, University of Minnesota, Minneapolis, Minnesota, may conduct

gene transfer experiments on two adult subjects (over 18 years of age) with mild Hunter

syndrome (Mucopolysaccharidosis Type II). The autologous peripheral blood lymphocytes

will be transduced ex vivo with a retroviral vector, L2SN, encoding the human cDNA for

iduronate-2-sulfatase (IDS). The transduced lymphocytes will be reinfused into the

patients on a monthly basis. The study will determine the frequency of peripheral blood

lymphocyte transduction and the half-life of the infused cells. Evaluation of patients will

include measurement of blood levels of IDS enzyme, assessment of metabolic correction

by urinary glycosaminoglycan levels, clinical response of the disease, and monitoring for

potential toxicity. This Phase I study is to demonstrate the safety of the L2SN-mediated

gene therapy and to provide a preliminary evaluation of clinical efficacy.

XV. CLARIFICATION ON NIH/FDA CONSOLIDATED REVIEW/DR WALTERS.

Dr. Walters made a clarification regarding the motion concerning the NIH/FDA
consolidated review voted for approval by the RAC. The motion included the necessary

changes in the NIH Guidelines indicated in the proposed action to allow initial submission

of the application to FDA Dr. French Anderson inquired about when will the change

taking place. Dr. Walters said that the guideline changes have to be approved by the NIH
Director before they are effective. Dr. Wivel added that until that time, the old system

will stay in place. Dr. Walters’ clarification was accepted by Dr. Miller, who made the

motion, and by the RAC.

XVI. REPORT FROM THE WORKING GROUP ON RETROVIRUS VECTORS/DR WTVEL

On September 7, 1994, the Working Group on Retrovirus Vectors held a telephone

conference call to discuss the letter dated December 2, 1993, submitted by the late Dr.

Howard Temin regarding the adequacy of current methods to detect RCR. The Working

Group members were Drs. Walters, Miller, Straus, Parkman and Brinckerhoff. Dr. Wivel

summarized the discussion. Dr. Temin asked in his letter, if new RCR are generated by

recombination of viral RNA sequences, would such recombinant RCR be detectable by
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the assay systems that are currently in use? Unfortunately, Dr. Temin has died since he

submitted his letter, and there was no opportunity to involve him in further discussion.

There was background information in the meeting materials, and the subject has been

informally discussed and recorded in the minutes of June 9-10, 1994, RAC meeting. The
conclusion of the discussion is as follows: The assays which are currently in place and

accepted by both the RAC and FDA for detection of RCR are adequate, irrespective of

the mechanisms by which these recombinant RCR are generated. In view of this, the

consensus of the Working Group members was that further discussions of this subject was

not necessary.

Dr. Walters noted no further comment from participants of this telephone conference.

XVII. ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING A HUMAN
GENE TRANSFER PROTOCOL ENTITLED: ARTERIAL GENE TRANSFER FOR
THERAPEUTIC ANGIOGENESIS IN PATIENTS WITH PERIPHERAL ARTERY
DISEASE/DRS. ISNER AND WALSH

Review-Dr. Parkman

Dr. Walters called on Dr. Parkman to present his primary review of the protocol

submitted by Drs. Jeffrey M. Isner and Kenneth Walsh of St. Elizabeth’s Medical Center,

Tufts University, Boston, Massachusetts. Dr. Parkman said that this protocol is exciting

because it deals with the very common disease of atherosclerosis. Instead of focusing on
the heart, it is directed toward disease of the peripheral arteries. Patients with peripheral

artery disease (PAD) have pain upon walking due to compromised blood flow to their

muscles, particularly in their lower extremities. When the blood flow is severely

compromised, they begin to have pain at rest and develop skin ulcers. The basis for the

decreased blood supply is the presence of atherosclerotic plaques in their arteries. No
drugs are now available that significantly reduce the symptomatology of patients who have

muscle pain at rest. If the PAD becomes severe enough, patients may have portions of

their extremities amputated. Such amputation, however, does not result in long-term

clinical stabilization.

The investigators propose to test a new therapy in patients with PAD. This therapy is

based upon the observation of Dr. Judah Folkman about 20 years ago that angiogenic

growth factors are able to stimulate the production of new blood vessels. A series of

angiogenic growth factors have been identified. The investigators propose to use a factor

termed vascular endothelial growth factor (VEGF) which was initially isolated as a

heparin binding factor secreted by bovine pituitary cells. It has been shown that VEGF
stimulates angiogenesis in vivo in rats and rabbits. The investigators have performed a

preclinical study in rabbits who have had ischemic injury induced by ligation of iliac

arteries. The VEGF-cDNA is expressed in a plasmid DNA vector under the control of a

CMV promoter. The plasmid DNA was introduced by an arterial catheter into the iliac

artery. The cardiac balloon was expanded resulting in the transduction of a small

percentage of the arterial cells. The treated animals had significantly increased collateral

vessel growth. The use of the arterial catheters is based upon pre-clinical studies in which
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the investigators determined the ability of the VEGF plasmid DNA to bind to the

hydrogel polymer coating of the angioplasty balloon.

The investigators now propose to study 12 patients with claudication at rest or non-healing

ischemic ulcers. Such patients are not candidates for non-surgical or surgical re-

vascularization. The patients will have the VEGF plasmid DNA introduced by arterial

catheterization with the balloon catheter being expanded for one minute. The maximal

calculated dose of the plasmid DNA will be 1.07 mg. The endpoint of the study will be a

decrease in the amount of pain at rest and/or healing of the ulcers. Secondary endpoints

will be based on arteriorography that will be done to patients before and after gene

transfer. Other physiologic measurements are being explored as surrogate endpoints.

Dr. Parkman raised several questions in his critique. Most of them have been

satisfactorily answered by the investigators in their written response. The arteriograms

were scored by more than one blinded observer, and consistent differences between

control and treated animals were observed. The investigators provided copies of all

arteriograms, and Dr. Parkman agreed with the investigators’ assessment about

improvement of blood flow. Dr. Parkman said that this protocol is very good, and he did

not agree with all the criticisms made by Dr. Dzau in his written review. The investigators

require the patients to keep a diary for pain medication but the baseline is not well

defined. Dr. Parkman suggested the diary be kept for a month’s period before treatment

to define a baseline for pain relief. The diary will record a pain scale, and Dr. Parkman
suggested a period of 1 month before and 1 or 2 months after gene transfer.

Review-Dr. Dzau (presented by Dr. Parkman)

Dr. Walters called on Dr. Parkman to present a written review by Dr. Dzau in his

absence. Dr. Dzau raised several issues, and the investigators have provided a detailed

response to each question. Dr. Parkman said that most of the concerns have been

addressed. Three major issues raised by Dr. Dzau were: (1) What is the imperative

rationale for doing gene transfer rather than simple infusion of VEGF peptide? (2) The
statement, "not satisfactory candidates for nonsurgical and surgical revascularization", in

the Selection of Patients, must be clinically defined. (3) Is this protocol a Phase I study

for safety or a therapeutic trial? If it is a efficacy study, a control group of patients should

be included. On the matter of the control group in the study, Dr. Parkman said that this

is a Phase I study using pain relief as an endpoint. The primary objective is to look for

untoward effects. His suggestion of keeping a diary for pain and medication is to use each

individual as his/her own control. In his opinion, it is better than a control group of

patients in this study. On the question of exclusion criteria, the investigators have now
listed the entities in the Exclusion Criteria of the protocol. Dr. Parkman commented that

there are patients who are candidates for surgical intervention who are in fact potential

candidates for gene transfer.

Review-Dr. Motulsky

Dr. Motulsky said this new approach using gene therapy is very exciting for PAD. This
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protocol will study the endpoints such as improvement of severe leg pain and healing of

ulcers besides angiographic and physiologic measurements, and thus has some elements of

a therapeutic protocol. Dr. Motulsky was concerned that mildly favorable effects on pain

that patients notice in the study may be due to placebo effects. A control group of

patients will be valuable although he recognized problems with this study design. Dr.

Motulsky suggested that a small pilot study with about 2 to 4 patients will be useful if a

control study is needed. Dr. Motulsky asked if there are extensive studies to examine for

dissemination of the DNA from the artery into the blood stream and into other organs.

Most of the people to be studied are old men with arteriosclerotic heart disease and many
have diabetes. VEGF has a potential for contributing to diabetic retinopathy by

stimulating new vessel growth. The Type I diabetic patients will be excluded but some
Type II diabetics may be eligible since the risk posed by the protocol is low. The
investigators provided satisfactory answers in writing that no plasmid DNA has been

detected in brain, lung, heart, liver, and gonads in animal studies. Dr. Motulsky said that

the statement regarding cost in the Informed Consent document should be clarified. Do
the investigators imply that certain costs will be charged to the patients’ insurance even

though many additional tests related to the gene therapy are required? Dr. Motulsky had

reviewed Dr. Dzau’s comment, and Dr. Motulsky agreed with Dr. Parkman’s opinion that

the investigators have addressed most of his concerns. In rejecting the idea of a control

group in the study, the investigators responded in writing that the additional risk of

catheter manipulation to the PAD patients is a factor for favoring the present study

design.

Dr. Parkman added that the investigators answered the question about the use of the

recombinant VEGF protein. Gene transfer is preferred over bolus injection of

recombinant VEGF protein for two reasons: (1) the recombinant product is not available

for clinical trial at present and will be expensive, and (2) the local continuous production

of VEGF following gene transfer is favored over systemic peptide administration, since the

latter will peak and decline quickly. Dr. Parkman noted that gene therapy may be

cheaper in this case.

Review-Dr. Secundy

Dr. Secundy said that she had only a minor comment on the statement about autopsy in

the Informed Consent document. It should always be stated that autopsy will be

requested not required. The investigators have responded to this concern. Dr. Secundy

was very pleased to see a clear Informed Consent document, and the statement on patient

charges is what the RAC recommended. She favored approval of the protocol.

Other Comments

Dr. Erickson said it is important to point out that this is the first time that gene therapy

would be applied to patients in advance of other types of therapy, including recombinant

growth factors.

Dr. Straus would like the investigators to elaborate on the issue of retinopathy. He said
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that a theoretical risk still exists that VEGF DNA could circulate and produce VEGF to

induce neovascularization particularly in Type I diabetic patients. He asked if this

problem has been investigated in the animal models.

Dr. Miller said that the investigators stated that a modification has been made to the

plasmid DNA vector after discussion with FDA officials. The modification involved

change of the selectable marker and deletion of the SV40 replication origin. Does the

new vector function as well as the old one? He asked the investigators to explain why
there are many blank spaces in the submitted vector sequence.

Investigator Response-Drs. Isner and Walsh

Responding to Dr. Miller’s question, Dr. Walsh said the SV40 origin of replication has

been deleted according to FDA’s suggestion to eliminate any chance of autonomous

replication of vector DNA in animals. As to why there are N’s in the DNA sequence, Dr.

Walsh said that is due to sequences unreadable by the automatic sequencer. But the

sequence is 98% in agreement with the predicted sequence, which accounts for the entire

plasmid DNA. Dr. Miller commented that if there is no compelling reason to change the

vector, it should not be changed since all other animal data were obtained from the

original vector. Dr. Walsh said that the FDA routinely requests removal of the SV40
origin of replication and the /3-lactamase gene which confers ampicillin resistance in this

type of vector. The concern relates to potential ampicillin contamination of the plasmid

DNA preparations. Dr. Miller commented that it is a remote possibility.

Dr. Noguchi of FDA remarked that the FDA’s position has been that the aforementioned

sequences should be removed if they are not needed. He agreed in this case, that if

removal affects the activity, the vector should not be changed.

Dr. Samulski said that it was entirely possible that deleting the plasmid vector sequences

could affect gene expression. He suggested that the human study should be performed

with the original plasmid with which all the preclinical data were obtained.

Dr. Isner stated that a reasonable compromise would be to move into this initial clinical

study with the original plasmid. In the future, if the study progresses into a product

development phase, the more stringent safety issues will be readdressed. Dr. Miller

agreed it is a reasonable compromise.

Dr. Samulski suggested that FDA issue some guidance to the investigators early on in the

study proposal so that the investigators would not have to repeat all the experiments. Dr.

Miller asked if FDA would provide consultation when the project is started. Dr. Noguchi
said it is a good idea to start FDA negotiations before the project is started. He said in

this case, the preclinical studies would be better performed with a plasmid without the

SV40 replication origin.

Dr. Saha said this is an exciting protocol. He asked the investigators to compare their

plasmid study with the recent paper published in Science by Gary Nabel and his co-worker

Recombinant DNA Research, Volume 20 [69]



Recombinant DNA Advisory Committee- 9/12-13/94

on gene therapy for arterial restenosis.

Mr. Capron pointed out that the statement in Paragraph E about withdrawal from the

study in the Informed Consent document, is repeated in Paragraph G regarding long-term

follow-up. He asked about the reason for the repetitive statements. Paragraph F on
angioplasty intervention was confusing.

Dr. Isner said that repetitive statement resulted from adding additional statements to the

standard Informed Consent document of the hospital. He was willing to revise it.

Regarding the angioplasty statement, Dr. Isner said it is a statement suggested by his IRB
so that patients are not confused when they consent to a standard angioplasty procedure.

He agreed to revise the statement to avoid ambiguity.

Responding to Dr. Straus’s question on retinopathy, Dr. Isner said that retina was not

examined in the rabbit experiment. In another animal experiment with 22 rabbits, no

neovascularization was observed in many different organs after gene transfer or

administration of recombinant VEGF. He appreciated Dr. Straus’s concern, and

funduscopic examination will be performed on the subjects before and after gene transfer.

This risk in Type II diabetics is considered to be very low according to the advice received

from ophthalmologic and endocrinologic consultants. It is unreasonable to exclude

patients who have serious risk of limb loss.

Dr. Straus suggested a complete ophthalmologic examination before and after gene

transfer. The issue of retina involvement should be addressed in the future animal

studies. Dr. Motulsky said funduscopic photography of each patient will be useful. Dr.

Isner agreed to the suggestions.

Dr. Parkman asked if observation has been carried beyond 30 days in animals for

collateral neovascularization. Dr. Isner said his colleagues have observed the animals for

90 days, and there is no further vessel growth after 30 days.

Dr. Isner used a slide to show data on the time course of transgene expression.

Expression peaks on day 14 and day 20, declines on day 21, and disappears by day 30.

Responding to Dr. Saha’s question on comparison of the present study to that of Dr.

Nabel’s Science article, Dr. Isner said that the two approaches are very different

applications of gene therapy for vascular disease. Dr. Nabel’s study involved application

of an adenovirus encoding the Herpes simplex thymidine kinase gene to artery endothelium

after balloon angioplasty to prevent restenosis. It is a very different approach from the

present study to stimulate new vessel growth.

Regarding the suggestion of pain scale, Dr. Isner said that there is a pain scale developed

by the European Consensus Document, and it can be used as a valid endpoint to measure

the effects of pain medication. He will incorporate that pain scale in the protocol. He
will require the subjects to keep a diary about pain and medication, as suggested by Dr.

Parkman.
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Dr. Isner said that the severe narcotic dependent pain experienced by the PAD patients is

unlikely to be relieved by a placebo effect. For those patients, pain relief is a reliable

endpoint. Dr. Motulsky accepted this explanation.

Dr. Motulsky asked if the need for a control group in the study has been seriously

considered. Dr. Isner replied affirmatively. The question was deliberated in the initial

design of the protocol, and later in IRB and IBC reviews. It was deemed unconscionable

to enroll patients who have 4 weeks of narcotic dependent pain, 4 weeks of ulcers, and
marginal circulation to a sham transfection by balloon angioplasty. The risk of this

procedure is higher in these patients, and the risk is not worth taking in a patient who
stands to gain no benefit from that kind of intervention.

In response to the question of whether or not the protocol is a Phase I study, Dr. Isner

said that safety is the principal objective of this initial study, but it does not seem wise to

exclude the possibility to discover a potential benefit. Mr. Capron commented that from
the small number of patients involved in this study, it is not possible to definitively address

the question of efficacy. A control study group is needed in a study designed to show
efficacy. But in this initial study, the decision not to include a control group of patients

seems to be reasonable. Dr. Parkman commented that it is good science to have a control

group, but the idea of using the patients as their own control is the only appropriate thing

to do at this time.

Committee Motion

Dr. Parkman made a motion to approve the protocol with stipulations to require

ophthalmological examination including funduscopic photography and a revised Informed

Consent document to include a pain scale and medical diary. Dr. Miller added a friendly

amendment to require the use of the original plasmid vector. Dr. Motulsky seconded the

motion.

Ms. Meyers noted that there is no commercial sponsor involved in this study. Dr. Miller

said that it is very inexpensive to produce a plasmid DNA vector and thus there is less

need for a commercial sponsor. Dr. Motulsky was pleased that the protocol did not have

the problems associated with retroviral vectors.

The RAC approved a motion made by Dr. Parkman and seconded by Dr. Motulsky to

accept the protocol submitted by Drs. Jeffrey M. Isner and Kenneth Walsh of St.

Elizabeth’s Medical Center at Tufts University by a vote of 15 in favor, 0 opposed, and no

abstentions. RAC approval is contingent on review and approval of the following

stipulations by the primary RAC reviewers: (1) revision of the appropriate sections of the

protocol to clarify that the phVEGF165 vector will be the only vector used for the human
study (the same vector used for the preclinical animal studies); (2) submission of a

revised protocol and Informed Consent document that includes a statement that patients

will undergo complete ophthalmologic examination (including funduscopic photography)

prior to, during, and following vector administration; and (3) changes in the Informed

Consent document as suggested by the RAC members, e.g., quantification of pain scale,
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and requirement for completion of a medication diary 1 month prior to entry onto the

study.

Summary

Drs. Jeffrey M. Isner and Kenneth Walsh of St. Elizabeth’s Medical Center, Tufts

University, Boston, Massachusetts, may conduct gene transfer experiments on 12 subjects

(>40 years of age) with PAD. A plasmid DNA vector, phVEGF165, encoding the human
gene for VEGF will be used to express VEGF to induce collateral neovascularization.

Percutaneous arterial gene transfer will be achieved using an angioplasty catheter with a

hydrogel coated balloon to deliver the plasmid DNA vector to the artery. The objectives

of the study are: (1) to determine the efficacy of arterial gene therapy to relieve rest pain

and/or heal ischemic ulcers of the lower extremities in patients with PAD; (2) to

document the safety of the phVEGF arterial gene therapy for therapeutic angiogenesis.

The secondary objective is to determine the anatomic and physiologic extent of collateral

artery development in patients receiving phVEGF arterial gene therapy.

XVIII. ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING A HUMAN
GENE TRANSFER PROTOCOL ENTITLED: TREATMENT OF ADVANCED CNS
MALIGNANCY WITH THE RECOMBINANTADENOVIRUS H5.020RSVTK: A PHASE I

TRIAL/DRS. ECK AND ALAVI

Review-Dr. Parkman

Dr. Walters called on Dr. Parkman to present his primary review of the protocol

submitted by Drs. Stephen L. Eck and Jane B. Alavi of the University of Pennsylvania

Medical Center, Philadelphia, Pennsylvania, Dr. Parkman said that this is a "recombinant"

protocol in which two elements of previously approved protocols have been combined to

produce this new protocol. The backbone of the adenovirus vector used by the

investigators at the University of Pennsylvania to transduce the human CFTR gene for the

treatment of CF has been employed in this protocol to transduce the Herpes simplex virus

thymidine kinase (HSV-TK) gene to treat brain tumors. The approach is similar to Dr.

Oldfield’s study (Protocol #9206-019) to treat brain tumors using intra-tumoral

transduction with the HSV-TK gene and intravenous GCV. The basis for this concept is

that the introduction of the HSV-TK gene into brain tumor cells followed by the systemic

administration of GCV will result in the local production of toxic metabolites of GCV that

will cause the destruction of the transduced tumor cells as well as the destruction of the

non-transduced tumor cells, due to a bystander effect. The mechanism of the bystander

effect appears to be the transport of the GCV metabolites through intercellular channels,

resulting in the destruction of tumor cells that have not been transduced. The innovative

part of this protocol is the use of adenovirus rather than a retrovirus based vector.

Retroviruses require cellular replication for effective transduction while the adenoviruses

may be able to transduce cells without cell division. Therefore, it is possible that a higher

proportion of the brain tumor cells maybe transduced although it is possible that some
normal neurons may be transduced. The risk is similar to neurosurgery where removal of

a brain tumor may result in removal of some normal tissue. If both therapies are shown
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to be successful, it would be important to ascertain which one has the least side effects

against normal tissues.

The investigators have a significant amount of preclinical data in animals showing that:

(1) the injection of both rat and human tumors in vivo results in decreased tumor growth

or in some cases destruction of all the tumors, and (2) the injection of the adenovirus

vector does not result in demonstrable clinical toxicity.

The protocol has a lot of similarities to the Oldfield protocol. Two groups of patients will

be studied, those who have resectable and non-resectable tumors. In both groups, the

patients initially will have the adenovirus vector injected stereotactically and then will

begin on systemic GCV treatment two days later. When patients have resectable tumors,

the tumors will be resected 7 days later and local injections of the adenovirus vector will

be given, and GCV continues for another 7 days. The removed tumor will be assayed for

the presence of the adenovirus vector. The investigators will take advantage of the

Positron Emission Tomography (PET) scanner available at their institution to measure the

metabolic changes that occur in the transduced tumors. In an individual with multiple

tumors, it will be possible to compare the metabolic effects of the injected tumor versus

the non-injected control to determine if there is any distant bystander effect.

The major concern raised by Dr. Parkman was the potential inflammatory response in the

closed space of the central nervous system when the vector is stereotactically injected into

the brain of individuals who are already immunized to the adenovirus. This response is a

serious concern when swelling occurs in the closed space after stereotactic injection, but is

less of a concern when a tumor is resected since expandable space will be created. The
investigators have not addressed the clinical sequelae of this complication.

Overall, most elements of the protocol have been previously approved by the RAC, i.e.,

general therapeutic approach, the adenovirus vector backbone, and the cDNA insert of

HSV-TK gene. The vector was constructed by Dr. James Wilson’s laboratory for his RAC
approved CF protocol. The only remaining question is the potential inflammatory

response to the adenovirus vector in the closed space of the central nervous system.

Review—Dr. Motulsky

Since many of the aspects of the protocol have been mentioned by Dr. Parkman, Dr.

Motulsky did not see that any other novel issues needed to be raised. He said that this

protocol is very well written and could be approved as is.

Review-Ms. Meyers

Mr. Meyers commented that this protocol was another gene therapy for brain tumors and
questioned if there was any need to conduct another of this kind of study. The
investigators responded that this approach uses a different vector. Ms. Meyers asked the

investigators to elaborate on this issue. Regarding the Informed Consent document, Ms.

Meyers pointed out the barrier contraception was not mentioned for males; and she
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suggested a statement to indicate that the patient may not benefit from the study, but

knowledge may be gained that would benefit others. The investigators responded in

writing that there is some therapeutic intent in this protocol. Ms. Meyers was concerned

about adverse effects observed in other brain tumor studies. She was not comfortable

with starting another brain tumor study unless it would provide unique and valuable

clinical data that would not otherwise be forthcoming from similar experiments.

Other Comments

Dr. Parkman commented on Ms. Meyers’ objection to another brain tumor study without

waiting for the outcome of other similar studies. Dr. Parkman said the present approach

is significantly different from other brain tumor protocols using a retroviral vector to

deliver the HSV-TK gene. The target specificity of the adenovirus vector is different.

Being able to transduce non-dividing cells in addition to dividing tumor cells is a

significant change in the target of this therapy. Regardless of the outcome of other

retroviral studies, this approach is significantly different. Dr. Parkman and Mr. Capron

both agreed with the point made by Ms. Meyers that no therapeutic benefit should be

implied in the Informed Consent document for this Phase I trial.

Dr. Samulski stated that this vector is so different in its ability to transduce non-dividing

cells, one would not accept any other protocols using the retroviral approach to treat brain

tumors if this protocol shows promise. Dr. Miller added that the HSV-TK gene needs to

get into a dividing cells in order to have the killing effect of GCV. (The GCV
metabolites can only be incorporated into DNA of a dividing cell.)

Ms. Meyers asked about the chance of the adverse effects of the Oldfield protocol

happening in the present study. Dr. Parkman said that the adverse effects of Oldfield

protocol are related to the large number of injections of the vector producer cells, and it

is independent from the nature of the vector. Dr. Wivel added that another variable is

that some of the Oldfield trials involve the use of Ommaya reservoir.

Review-Dr. H. Ginsberg

Dr. H. Ginsberg said that this is an excellent protocol and new information will be

obtained by using the present vector.

Dr. H. Ginsberg reiterated a comment he made yesterday during the review of another

adenovirus protocol about the importance of E3 deletion of the adenovirus vectors. He
said the E3 region encoding 3 genes is important for protection of cells from the harmful

effects of viral infection: (1) The gene for the 19 kd protein has the effect of reducing the

cytotoxic T lymphocyte (CTL) response because it markedly decreases the Class I major

histocompatibility antigen on the cells; (2) The gene for the 14.7 kd protein protects the

host against cytokine induction; and (3) The gene for the 11.7 kd protein protects the cell

against apoptosis. Deleting these genes is harmful to the host. The adenovirus vector

used in the present study has partial E3 deletion. Dr. H. Ginsberg was uncertain which

gene has been deleted. This is a critical point regarding the question of virus induced
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inflammation.

Dr. H. Ginsberg said that vector dose should be expressed by the number of pfu rather

than by the number of virus particles since infectivity of the virus differs from each

preparation.

Both adenovirus vectors used in this protocol and the previous CF protocols share the

same viral backbone, and they have the same capacity to induce inflammation. It is not

correct to assume that if the vector does not induce inflammation in monkeys, that it is

safe for humans. Dr. Parkman added that the experiment was performed on naive

monkeys not on immunized animals.

Dr. H. Ginsberg said that if a vector induces a CTL response, it may increase

inflammation upon repeat administration.

Additional Comments

Dr. Parkman explained that stereotaxic injection of vector will be performed in all the

patients; and in some with resectable tumors, the tumor will be removed, while GCV
treatment continues. This variation is different from the other retroviral brain tumor

protocols.

Dr. Samulski asked if the temperature-sensitive mutant developed in Dr. Wilson’s

laboratory will decrease the chance of inflammation. Dr. H. Ginsberg said the mutant is

leaky at body temperature, and it is inactivated only at 39° C.

Dr. Parkman asked Dr. H. Ginsberg to clarify if E3 expression requires the presence of

El. Dr. H. Ginsberg said El has an enhancer that affects E3 expression but it is not

absolutely necessary for E3 expression.

Investigator Response-Dr. Eck

Dr. Eck conceded that Dr. Parkman’s concern about inflammatory response in a closed

space within the skull is a valid one. For those patients who are to receive only the

stereotaxic injection and no resection, careful screening of the degree of brain edema will

be performed to determine their eligibility for the study. The patients will not be

admitted if they have substantial edema, which decreases the expandable brain space.

Dr. Parkman stated that a simple animal experiment will be able to address this toxicity

question. Injecting the vector into the brains of 10 animals pre-immunized with the

adenovirus would be helpful. Dr. Eck agreed that it is a technically feasible experiment;

however, it will be difficult to predict brain swelling in human patients.

Dr. Parkman said that this animal experiment can be easily performed on cotton rats, and

if there is response, it will raise some concern.

Recombinant DNA Research, Volume 20 [75]



Recombinant DNA Advisory Committee- 9/12-13/94

Dr. Eck said the question of inflammation will be examined from the brain tissues

removed after vector administration, although it will be complicated by

immunosuppression already existing in cancer patients. Dr. Parkman suggested in vitro

systems of peripheral blood lymphocytes to observe for immune responses. Dr. Eck said it

is included in the CTL assays they are planning to do.

Regarding the question of prior immune status of the patients, Dr. Eck said that

previously immunized patients have less chance of spreading the vector, but they may have

more severe adverse reactions.

Responding to Ms. Meyers concerns about duplication with other protocols, Dr. Eck said

that it is a different vector and will have different toxicities. The knowledge about toxicity

with this adenovirus vector will be useful. No additional surgical or lumbar puncture

procedures are to be performed on these patients. All are standard procedures to treat

brain tumors. So there is no undue stress on the family or the patients in proposing these

procedures.

Regarding the benefit section of the Informed Consent document, Dr. Eck agreed to the

suggestion by Ms. Meyers and Mr. Capron to not imply any potential benefit to patients,

but to mention potential societal benefit.

Dr. James Wilson (University of Pennsylvania Medical Center) said that the most

important scientific goal of these human studies of adenovirus vectors is to understand the

interactions of host with this potentially therapeutic vehicle. An important aspect of these

studies is to critically evaluate the immunological profiles of the recipients to adenoviruses

before and after gene therapy. A series of serological tests for adenoviral antibodies and

CTL assays will be used to assess the immunological responses. But how these in vitro

assays correlate with clinical reactions is still unclear. Dr. Wilson agreed that enhanced

inflammation in repeat administration is a concern, and he agreed to perform the

experiments on pre-immunized animals suggested by Dr. Parkman.

Addressing the vector question raised by Dr. H. Ginsberg, Dr. Wilson said he has finished

sequencing the whole vector DNA. The partial deletion in the E3 region involves the

deletion of the gene coding for the 14.7 kd protein, but the gene for the 19 kd protein is

intact. The latter gene affects the level of class I major histocompatibility antigen

expression. Dr. Wilson said that he has conducted experiments comparing side by side the

E1-E3 deleted virus with the adenovirus deleted only at El. No significant difference in

pathogenicity to the lung and the fiver has been observed. Dr. Miller asked what animal

was used in this experiment. Dr. Wilson said it is a mouse experiment, and Dr. H.

Ginsberg said it is a valid animal for this experiment. Dr. H. Ginsberg has conducted

similar experiments in cotton rats but with wild-type virus and E3 deletion, he has

observed some differences. Dr. Miller expressed concern about the interpretation of these

somewhat conflicting results. He asked why any portions of the E3 region have to be

deleted from the vector construct. Dr. Wilson said it is easier to clone the E3 deleted

DNA because some troublesome restriction enzyme sites are removed. Dr. Wilson said

this vector has the same El deletion as the one for CF, but it retains 2.5 kb of the E3
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region. In this sense, it is a safer vector.

Dr. Parkman said that for the sake of consistency in approving protocols, he asked for

data on preimmune animals to assess the question of inflammatory response. Most

human patients will be seropositive for adenoviruses, but the animal experiments were all

performed with non-immune naive animals.

Dr. Wilson said that there are few correlates in animals that will be predictive in humans,

and that is the main reason to perform this human study to assess toxicity. He suggested

limiting the present study to those patients who have less risk for this complication.

Dr. Miller asked if the preimmune cotton rat experiments will be agreeable to Dr. Wilson.

Dr. Wilson said different toxicities in different organs in different animal species will

complicate the risk assessment. Dr. H. Ginsberg agreed that it is an important point. For

example, gastrointestinal tract sensitivity to adenovirus in humans does not have a parallel

in cotton rats.

Dr. Parkman said he would agree if the study is limited to those patients who do not have

preexisting immunity similar to the animal experiments. But this patient population will

be a very small percentage.

Dr. Eck said that there are practically no brain tumor patients who have never been

infected by adenoviruses. He suggested proceeding first with the group of patients who
will have brain resection. If there are serious untoward reactions, they could be taken for

surgical debulking immediately. If there are no adverse effects in this group of patients,

then the study would be performed with the group going for stereotaxic injection alone.

Dr. Noguchi said that FDA’s toxicologists will be more supportive if the animal data is

available. He would encourage the investigators to perform these toxicological studies.

Dr. H. Ginsberg remarked that the term "toxic" may be not appropriate in this case since

the inflammation is not caused by a toxic effect of virion proteins.

Dr. Straus said that the adverse reactions that occurred in other brain tumor protocols

appear to be immediate hypersensitivity reactions, and similar reactions could happen in

this case.

Dr. Chase said that considering the threshold of patient burden even for a Phase I trial,

this protocol is very close to the margin and that he would approve it with a great deal of

discomfort.

Responding to a question by Dr. H. Ginsberg about the unit of adenovirus, Dr. Eck said it

is expressed as the pfu, plaque forming unit, throughout the protocol.

Dr. Franck Sturtz of Progenitor, Inc., Athens, Ohio, commented that it is useful to have

several different trials to compare the results. The RAC should propose some index to

monitor these studies. Dr. Eck said that this protocol is a toxicity study; but he agrees
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that in the future Phase II or III studies, the clinical trials should be so designed that data

from different studies can be directly compared. Dr. Sturtz said that even for toxicity

studies, indexes such as intracranial hypertension or headaches might be useful.

Responding to a critique by Ms. Meyers, it is important to conduct different trials on the

same disease in order to compare the outcome.

Committee Motion

Dr. Parkman made a motion to approve the protocol with two contingencies: (1) the

protocol design should be revised so that the group of patients who receive stereotaxic

injections followed by resection occur before the cohort of patients who receive the

stereotaxic injections alone; and (2) negative results are to be obtained from intracerebral

injections of pre-immunized cotton rats as scored by either lethality or dysfunction of the

central nervous system. Dr. Motulsky seconded the motion.

Dr. Eck accepted a revised Informed Consent document suggested by Mr. Capron

concerning wording of the Expected Benefit Section of the Informed Consent document.

It says, "Since the purpose of this study is to determine the safety of new techniques, the

investigators do not expect that I will benefit personally from participating, although

knowledge may be gained that may benefit others."

Dr. Parkman said patients in group of 3 will start at the lowest dose, and then move up to

a higher dose. Dr. Eck agreed to a 30 day period of follow-up before starting the next

cohort.

Dr. Noguchi commented that the cotton rat data is needed but the results do not have to

be negative. Dr. Parkman said that if all animals die, the protocol would have to be

reconsidered.

Dr. Imre Kovesdi of GenVec, Inc., commented that it is simplistic thinking that leaving all

the E3 region intact will make a safer vector. Interaction of several genes in this region

may be important. He was cautious not to make a definitive statement regarding which

adenovirus vector is better, since most animal studies are not conclusive in regard to

application to the human situations. Dr. H. Ginsberg said his detailed study has been
performed in cotton rats by deleting one gene at a time in the E3 region.

The RAC approved a motion made by Dr. Parkman and seconded by Dr. Motulsky to

approve the protocol submitted by Drs. Stephen L. Eck and Jane B. Alavi of the

University of Pennsylvania Medical Center, Philadelphia, Pennsylvania, by a vote of 15 in

favor, 0 opposed, and no abstentions. Approval of the protocol is contingent on the

review and approval of the following by the RAC primary reviewers: (1) A revised

protocol design in which the first low-dose cohort will receive stereotaxic injection of the

adenovirus vector followed by surgical resection. The second cohort will receive

stereotaxic injection alone. Each dose of adenovirus vector will be administered in this

manner. Each cohort will be monitored for a period of 30 days before entering the next

cohort. If data indicate any serious untoward event, the PI will immediately notify the
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RAC and stop patient accrual onto the study. (2) Submit data from preclinical cotton rat

experiments in which the adenovirus vector is injected directly into the central nervous

system of pre-immunized animals. These animals will be evaluated 1 week following

vector administration for evidence of inflammation. (3) Submit a revised Informed

Consent document incorporating the changes suggested by Mr. Capron.

Summary

Drs. Stephen L. Eck and Jane B. Alavi of the University of Pennsylvania Medical Center,

Philadelphia, Pennsylvania, may conduct gene transfer experiments on 18 subjects (>18
years of age) with malignant glioma. The adenovirus vector encoding the HSV-TK gene,

H5.020RSVTK, will be injected by a stereotactic guided technique into brain tumors.

Afterwards, the patients will receive systemic GCV treatment. Patients eligible to undergo

a palliative debulking procedure will receive the same treatment followed by resection on

day 7, and a second dose of the vector intra-operatively. Brain tissues removed by

resection will be analyzed for adenovirus infection, transgene expression, and signs of

inflammation. The size and metabolic activity of tumors will be monitored by scanning

with MRI and PET. The objective of the study is to evaluate the overall safety of this

treatment and to gain insight into the parameters that may limit the general applicability

of this approach.

UX. ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING A HUMAN
GENE TRANSFER PROTOCOL ENTITLED: TREATMENT OFADVANCED
MESOTHELIOMA WITH THE RECOMBINANT ADENOVIRUS H5.020RSVTK: A
PHASE I TRIAL/DYL ALBELDA

Review-Dr. Straus

Dr. Walters called on Dr. Straus to present his primary review of the protocol submitted

by Dr. Steven M. Albelda of the University of Pennsylvania Medical Center, Philadelphia,

Pennsylvania. Dr. Straus said that this protocol is similar in many aspects to Dr. Eck’s

protocol for the treatment of brain tumors. This protocol is from the same institution,

involves the same vector to transduce the same HSV-TK gene, and the same concept of

using GCV to kill the HSV-TK transduced cells. Many of the issues have been raised and

answered during the review of the brain tumor protocol.

Dr. Straus said this proposal is for up to 12 patients with advanced mesothelioma.

Mesothelioma is a tumor in the lining of the pleural space. It spreads locally and causes

obstruction and infection for which there are few satisfactory treatments. The patient

survival from the time of diagnosis is a few years at most. Therefore, a novel approach to

this disease is very much in order. The patients will have diagnosis performed by biopsy

through a pleural scope into the pleural space. On the next day, if the biopsy is positive,

the vector will be administered by a chest tube already in place into the pleural space.

The vector will be given to 4 cohorts with 3 patients in each group. Each cohort will have

a log-fold increment of doses ranging from 10
9
to 10

12
pfu. It is hoped that mesothelioma

and normal pleural cells will be transduced and will express the TK gene. Five days after
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transduction, patients will be treated with GCV intravenously at a dose of 5 mg twice a

day for 14 days. TK-expressing cells will become subject to GCV-mediated toxicity and

death. It is hoped that there will be extensive killing of transduced mesothelioma cells

and that some collateral killing of tumor cells will occur as well.

The preclinical data suggested that the present approach might work, and the protocol was

sound. Dr. Straus raised several questions regarding timing of vector administration after

biopsy diagnosis, issues in the Informed Consent document, issues about dealing with

GCV toxicity, and several points about preclinical studies. Most of these questions have

been answered satisfactorily by the investigators in writing.

One remaining question is about the potential management of GCV toxicity. Dr. Straus

said that GCV is a toxic drug that causes bone marrow suppression and has been fatal on
rare occasions. The revised protocol stated that if Grade 4 bone marrow toxicity persists

for more than 5 days, the drug dose will be reduced to 75% of full dose. If toxicity

persists for another 5 days, it will be reduced to 50%; and if it still persists, the treatment

will be stopped. Dr. Straus said that he is uncomfortable with this prolonged exposure to

drug toxicity. He said the toxicity management in the previous protocol is more agreeable.

If toxicity is seen, the dose will be reduced to 75% without waiting for 5 days. If absolute

granulocyte counts drops to less than 500/mm 3
,
the GCV administration will discontinue,

and resume to a 50% level when the count comes back. He asked the investigators to

explain the toxicity management schedule.

Review-Dr. Saha

Dr. Saha noted a discrepancy of the adenovirus vector nomenclature stated in the title of

the protocol which is different from Dr. Eck’s protocol. Dr. Straus clarified that it

appears to be the same vector and is a typographical error in the present protocol title.

Dr. Saha said the investigators have performed excellent preclinical studies in both cell

culture and in animal models. In the latter category, rats with the rat mesothelioma and

severe combined immunodeficiency (SCID) mice with the human mesothelioma were

utilized. Dr. Saha was concerned about the rat data demonstrating presence of vector

DNA in the pleural cavity following intraperitoneal injection of the vector. In the human
study, the vector will be injected into the pleural cavity rather than the peritoneal cavity.

He was concerned about the spread of vector sequences from the peritoneum to liver and

kidney in the rat experiments. The complete nucleotide sequence of the vector is not

provided. Dr. Saha made a general comment regarding the use of GCV as opposed to

acyclovir (ACV) for killing the HSV-TK transduced cells. There is known toxicity for

GCV. If other nucleoside analogues are available and if HSV-TK gene is going to

become a routine strategy for cell killing, it is worth exploring other alternative drugs for

killing the HSV-TK transduced cells.

Review-Dr. Zallen

Dr. Zallen said that the investigators have responded to each of the questions she raised

in her original review. She anticipated seeing the data concerning the presence of vector
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sequences in gonadal tissues in the mouse experiments. The investigators have revised the

inclusion/exclusion criteria. The exclusion criteria include patients who have had previous

gene therapy, chemotherapy, or radiotherapy. Dr. Zallen said that there is no other gene

therapy approved for mesothelioma. If the protocol excludes all other treated patients,

there will be few eligible candidates left. The investigators have amended the Informed

Consent document. The statement about research costs is now satisfactory. The usage of

"I" and "you" is not consistent in the Informed Consent document. Dr. Joseph Treat is

given as the investigator in the Informed Consent and yet Dr. Albelda is listed as the PI.

It is not clear to the patients who is the physician in charge. Contraception is mentioned

but the duration for its practice is not indicated. Dr. Zallen was concerned about the

excessive chest X-ray to be given to the patients.

Review-Dr. H. Ginsberg

Dr. H. Ginsberg said that this protocol is very thoughtfully written for the treatment of

mesothelioma. Most of his concerns have been raised in the review of the last protocol.

He questioned if the vector produced any inflammatory response in Fisher rat

experiments. Some of the bowel obstruction and fibrosis could have resulted from

inflammation. Dr. H. Ginsberg suggested when tissues are obtained after vector

administration to the patients, they should be carefully examined for signs of

inflammation, and what multiplicity of infection of vectors will cause it.

Other Comments

Dr. Erickson said the present treatment is intended as the first treatment for

mesothelioma patients and will exclude patients who have had prior treatments. He was

concerned that the present treatment would preclude the patients from receiving other

forms of treatment since the mesothelioma patients can have a long survival rate. Dr.

Parkman asked the investigators to elaborate on the question if there is any pleuritis or

pneumonitis following vector administration. Ms. Meyers said that the possible long-term

effects and unknown side effects of gene therapy are not clearly disclosed to the patients

in the Informed Consent document.

Investigator Response-Drs. Albelda and Treat

Dr. Albelda clarified that he is a pulmonary physician and is the PI of the project; and Dr.

Treat, a medical oncologist, will supervise the clinical trial.

Dr. Albelda presented data with a slide from a rat experiment demonstrating the absence

of vector sequences in organs two days following vector administration to the pleural

cavity. Vector sequences were detected by a reverse transcriptase polymerase chain

reaction (RT-PCR) assay. No vector sequence was present in testes or ovaries. In other

experiments, there was some uptake in tumors; and in the peritoneal model, some in liver

and kidney probably due to mesothelial tissue that coats these organs. It should not be a

problem for the lung. There was no toxicity found in extensive rat studies, and no vector

sequences in gonads and all other tissues.
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Dr. Albelda said that GCV is a better substrate for the HSV-TK enzyme than ACV.
Since this study is of a new therapy, he did not want to introduce another parameter to

change the generally accepted use of GCV. He agreed it is worthwhile to explore other

drugs if the strategy is proven to be useful for the treatment of cancer.

Dr. Albelda agreed to revise the Informed Consent document to delete the exclusion

criteria regarding prior gene therapy and other items suggested by the RAC.

Dr. Albelda will revise the management schedule for GCV toxicity. He made a comment
about the vector-induced inflammation. Inflammation in a closed space of the brain is

undesirable; however, it is acceptable and is actually intended as a form of

immunotherapy for pleural cancer. Perhaps inducing inflammation may induce a more

therapeutic response in tumors. It should not cause any problem for the pleural space.

Nevertheless, signs of inflammatory response is one of the major endpoints of the human
studies with the adenovirus vectors. Pleural tissues obtained by biopsy following vector

administration will be examined by immunohistochemistry for signs of inflammation. The
presence and expression of the transgene will be studied. An important aspect about the

protocol is that a surgeon can easily access the pleural space to obtain biopsy samples for

detailed studies to learn more about the scientific problems of host-vector interactions in

the adenovirus vector system.

Dr. Wilson said that the compiled DNA sequences can account for all the components of

DNA fragments, and they are in the process of completing actual sequencing of the entire

vector DNA.

Dr. Treat accepted the GCV dose modifications as suggested by Dr. Straus. Addressing

the question of prior therapies, Dr. Treat said that the major reason to exclude

radiotherapy patients is the formation of adhesion or sclerosis of pleural cavity that can

result from previous treatments. This mechanical problem will prevent successful

placement of a chest tube. As to the chemotherapy patients, they may have worse

performance status and overall condition. Gene therapy exclusion will be deleted.

Regarding the concern of at least 9 chest X-ray examinations for each patients, Dr. Lavi, a

co-investigator, commented that the total exposure of 10 chest X-rays would only be one

10th of the radiation exposure allowed by the FDA rule. He considered it is a safe level

of radiation.

Dr. Albelda said that patients enrolled in this study will not be precluded from any other

future treatments including surgical procedures, chemotherapy or radiotherapy. He said

he would agree to expand the statement in the Informed Consent document that the long-

term effects of gene therapy are unknown. Mr. Capron said that the Informed Consent

document would be preferable if the whole consent form were written with the

investigators in the first person (I or we) and the subject as the second person (you)

because of the complicated nature of the information. Dr. Albelda agreed to these

suggestions.
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Committee Motion

The RAC approved a motion made by Dr. Straus and seconded by Dr. Saha to accept the

protocol submitted by Dr. Steven M. Albelda of the University of Pennsylvania Medical

Center, Philadelphia, Pennsylvania, by a vote of 14 in favor, 0 opposed, and 1 abstention.

Approval of the protocol is contingent on review and approval of the following by the

primary RAC reviewers: (1) a revised Informed Consent document incorporating the

changes suggested by Mr. Capron, and (2) revision of the sections of the protocol

concerning the management of GCV toxicity.

Summary

Dr. Steven M. Albelda of the University of Pennsylvania Medical Center, Philadelphia,

Pennsylvania, may conduct gene transfer experiments on 12 subjects with advanced

mesothelioma. The adenovirus vector encoding the HSV-TK gene, H5.020RSVTK, will be

administered by a chest tube into the pleural cavity. Tumor biopsies will be harvested for

analyses for evidence of gene transfer and expression and for immunological responses to

vector administration. GCV will be administered by intravenous infusion for 14 days.

The primary objective of this Phase I study is to evaluate the safety and feasibility of

treating patients with malignant mesothelioma by direct delivery of the adenovirus vector

into the pleural cavity.

C CLOSING REMARKS AND FUTURE MEETINGS OF THE RAC

Mr. Capron asked if the RAC will have a working group to establish guidelines for

adenovirus vectors. There had been a great deal of discussion involving the ad hoc
consultant and RAC members during the course of reviewing the protocols regarding the

safety criteria of adenovirus vectors. He asked if a working group could be established to

examine the adenovirus vectors. Dr. Straus noted that although a significant amount of

animal data exists, little is known with regard to safety in humans. It would not be a

productive effort at this time to try to work out a concrete set of guidelines for the

adenovirus vectors. Dr. Walters and Mr. Capron agreed on this assessment.

Dr. Ross said that the issue about adenovirus vectors appears to be a procedural question

on how to resolve the different opinions of an expert in the field and the investigators.

Ms. Meyers said that her position is that if there is a scientific argument and it is

uncertain who is right, she prefers to err on the side of caution and wait until it is proved

to be safe.

Dr. Parkman asked if the RAC should start the process to define the review criteria, or

this task will be included in the ad hoc committee review of the RAC as suggested by Dr.

Varmus earlier. Dr. Wivel explained that from his understanding both the issues of

review of RAC activities and review criteria will be included in the proposed ad hoc

external review. Dr. Walters said that, based on the RAC review experience, it is possible

to provide some conclusive answers to the questions raised in the Points to Consider.
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Dr. Walters announced that the next meeting of the RAC will be December 1-2, 1994, at

NIH, Building 3 1C, Conference Room 6.

XXI. ADJOURNMENT

Dr. Walters adjourned the meeting at 3:20 p.m. on September 13, 1994.

Executive Secretary

I hereby acknowledge that, to the best of my
knowledge, the foregoing Minutes and Attach-

ments are accurate and complete.

Date: * I

f 1
*3 •

LeRoy
Chair

alters, Ph.D.

Recombinant DNA Advisory Committee

National Institutes of Health
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(T) Blaese, R. Michael; National Institutes of Health, Bethesda, Maryland; Treatment of Severe Combined
Immune Deficiency (SCID) due to Adenosine Deaminase (ADA) Deficiency with Autologous Lymphocytes
Transduced with the Human ADA Gene: An Experimental Study

RAC Approval: 7-31-90/NIH Approval: 9-6-90

Major Amendment/RAC Approval: 2-10-92

Major Amendment/NIH Approval: 4-22-92

Minor Modification: 4-21-93

Minor Modification: 6-7-93 >

(T) Rosenberg, Steven A.; National Institutes of Health, Bethesda, Maryland; Gene Therapy of Patients with
Advanced Cancer Using Tumor Infiltrating Lymphocytes Transduced with the Gene Coding for Tumor
Necrosis Factor. 5

RAC Approval: 7-31-90/NIH Approval: 9-6-90

Minor Modification: 2-17-94

(M) Brenner, Malcolm K.; Mirro, Joseph; Hurwitz, Craig; Santana, Victor; and Ihle, James; St. Jude
Children’s Research Hospital, Memphis, Tennessee; Autologous Bone Marrow Transplant for Children with
Acute Myelogenous Leukemia in First Complete Remission: Use of Marker Genes to Investigate the Biology
of Marrow Reconstitution and the Mechanism of Relapse.
RAC Approval: 2-4-91/NIH Approval: 7-12-91

Minor Modification: 11-91

CLOSED: 1-15-93

(M) Brenner, Malcolm K.; Mirro, Joseph; Santana, Victor; and Ihle, James; St. Jude Children’s Research
Hospital, Memphis, Tennessee; A Phase I/II Trial of High Dose Carboplatin and Etoposide with Autologous
Marrow Support for Treatment of Stage D Neuroblastoma in First Remission: Use of Marker Genes to
Investigate the Biology of Marrow Reconstitution and the Mechanism of Relapse.RAC Approval: 5-31-91/NIH Approval: 7-12-91
Minor Modification: 11-91 >

CLOSED: 6-1-92

(M) Brenner Malcolm K.; Mirro, Joseph; Santana, Victor; and Ihle, James; St. Jude Children’s Research
Hospital, Memphis, Tennessee; A Phase II Trial of High-Dose Carboplatin and Etoposide with Autologous

YnZZment
P°n ” ^ °f RelaPse/R^tory Neuroblastoma Without Apparent Bone Marrow

RAC Approval: 5-31-91/NIH Approval: 7-12-91
Minor Modification: 11-91

CLOSED: 4-9-93

(M)

TransDlant'aZZfn ^ !^
/^
n
^
erson <“‘ancer Research Center, Houston, Texas; Autologous Bone Marrow

bZZn rZTJ. ifiOT'
y',oge"ou3 hernia in which Retroviral Markers are Usedto Discriminate

,o ReZuln V Remaining after Preparative Therapy Versus Relapse dueto Residual Leukemic Cells in Autologous Marrow: A Pilot TrialRAC Approval: 5-31-91/NIH Approval: 7-12-91
Minor Modification: 4-19-93

CLOSED: 6-1-93
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9105-008

9105-009*

9110-010*

9110-011

9110-012*

9202-013*

9202-014

9202-015

9202-016*

9202-0176

(M) Ledley, Fred D.; Woo, Savio; Ferry, George; and Hartwell, Whigennand; Baylor College of Medicine,

Houston, Texas; Hepatocellular Transplantation in Acute Hepatic Failure and Targeting Genetic Markers to

Hepatic Cells.

RAC Approval: 5-30-91/NIH Approval: 7-12-91

CLOSED: Protocol Never Initiated

(M) Lotze, Michael T.; University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania; The

Administration of Interleukin-2 and Tumor Infiltrating Lymphocytes to Patients with Melanoma.
RAC Approval: 5-30-91/NIH Approval: 1-17-92

Minor Modification: 11-30-92

(T) Rosenberg, Steven A.; National Institutes of Health, Bethesda, Maryland; Immunization of Cancer Patients

Using Autologous Cancer Cells Modified by Insertion of the Gene for Tumor Necrosis Factor (TNF).

RAC Approval: 10-7-91/NIH Approval: 10-15-91

Minor Modification: 7-9-92

(T) Rosenberg, Steven A.; National Institutes of Health, Bethesda, Maryland; Immunization of Cancer Patients

Using Autologous Cancer Cells Modified by Insertion of the Gene for Interleukin-2 (IL-2).

RAC Approval: 10-7-91/NIH Approval: 10-15-91

(T) Wilson, James M.; University of Pennsylvania Medical Cenyrt, Philadelphia, Pennsylvania; Ex Vivo Gene

Therapy of Familial Hypercholesterolemia.

RAC Approval: 10-8-91/NIH Approval: 11-14-91

Minor Modification: 12-3-92

Minor Modification: 8-18-93

(T) Nabel, Gary J.; University of Michigan, Ann Arbor, Michigan; Immunotherapy of Malignancy by In Vivo

Gene Transfer into Tumors.

RAC Approval: 2-10-92/NIH Approval: 4-17-92

Minor Modification: 1-22-93

Minor Modification: 1-93

CLOSED: 11-19-92

(M) Cornetta, Kenneth; Indiana University, Indianapolis, Indiana; Retroxiral-Mediated Gene Transfer of Bone
Marrow Cells during Autologous Bone Marrow Transplantation for Acute Leukemia.

RAC Approval: 2-11-92/NIH Approval: 4-17-92

(M) Economou, James S. and Belldegrun, Arie; University of California at Los Angeles, Los Angeles,

California; The Treatment of Patients with Metastatic Melanoma and Renal Cell Cancer Using In Vitro

Expanded and Genetically-Engineered (Neomycin Phosphotransferase) Bulk, CD8 ( + ) and/or CD4( +

)

Tumor Infiltrating Lymphocytes and Bulk, CD8( + ) and/or CD4( + ) Peripheral Blood Leukocytes in

Combination with Recombinant Interleukin-2 Alone, or with Recombinant Interleukin-2 and Recombinant

Alpha Interferon.

RAC Approval: 2-11-92/NTH Approval: 4-17-92

(T) Freeman, Scott M.; Tulane University Medical Center, New Orleans, Louisiana; Gene Transfer for the

Treatment of Cancer.

RAC Approval: 2-10-92/NIH Approval: 2-5-93

Minor Modification: 8-6-93

(M) Greenberg, Philip D. and Riddell, Stanley, Fred Hutchinson Cancer Research Center, University of

Washington, Seattle; Phase I Study to Evaluate the Safety of Cellular Adoptive Immunotherapy using

Genetically Modified CD8 + HIV-Specific T Cells in HIV Seropositive Individuals.

RAC Approval: 2-11-92/NIH Approval: 4-17-92

Major Amendraent/RAC Approval: 9-9-93

Major Amendment/NIH Approval: 10-7-93
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9206-018*

9206-019*

9206-020*

9206-021

9206-022*

9206-023*

9206-024*

9206-025*

9209-026

(T) Brenner, Malcolm K.; Furman, Wayne; Santana, Victor; Bowman, Laura; and Meyer, William; St. Jude

Children’s Research Hospital, Memphis, Tennessee; Phase I Study of Cytokine-Gene Modified Autologous

Neuroblastoma Cells for Treatment of Relapsed/Refractory Neuroblastoma.

RAC Approval: 6-1-92/N1H Approval: 8-14-92

Minor Modification: 6-23-94

(T) Oldfield, Edward; National Institutes of Health, Bethesda, Maryland; Gene Therapy for the Treatment of

Brain Tumors Using Intra-Tumoral Transduction with the Thymidine Kinase Gene and Intravenous

Ganciclovir.

RAC Approval: 6-1-92/NIH Approval: 8-14-92

Minor Modification: 11-29-93

(M) Deisseroth, Albert B.; MD Anderson Cancer Center, Houston, Texas; Use of Two Retroviral Markers to

Test Relative Contribution of Marrow and Peripheral Blood Autologous Cells to Recovery After Preparative
;

Therapy.

RAC Approval: 6-2-92/N1H Approval: 8-14-92

Minor Modification: 4-19-93

(T) Gansbacher, Bernd; Houghton, Alan; and Livingston, Philip; Memorial Sloan Kettering Cancer Center,
;

New York, New York; Immunization with HLA-A2 matched Allogeneic Melanoma Cells that Secrete

Interleukin-2 in Patients with Metastatic Melanoma.

RAC Approval: 6-2-92/NIH Approval: 8-14-92

(T) Gansbacher, Bernd; Motzer, Robert; Houghton, Alan; and Bander, Neil; Memorial Sloan Kettering Cancer

Center, New York, New York; Immunization with Interleukin-2 Secreting Allogeneic HLA-A2 Matched

Renal Cell Carcinoma Cells in Patients with Advanced Renal Cell Carcinoma.

RAC Approval: 6-2-92/NIH Approval: 8-14-92
j

Minor Modification: 3-31-93

i

(M) Dunbar, Cynthia; National Institutes of Health, Bethesda, Maryland; Retroviral-Mediated Gene Transfer of

Bone Marrow and Peripheral Blood Stem Cells During Autologous Bone Marrow Transplantation for Multiple

Myeloma.

RAC Approval: 6-2-92/NIH Approval: 8-14-92

Minor Modification: 1-6-94

Minor Modification: 3-23-94
[j

(M) Dunbar, Cynthia; National Institutes of Health, Bethesda, Maryland; Retroviral-Mediated Gene Transfer of
Bone Marrow and Peripheral Blood Stem Cells During Autologous Bone Marrow Transplantation for

Metastatic Breast Cancer.
jj

RAC Approval: 6-2-92/NIH Approval: 8-14-92

Minor Modification: 1-6-94

(M) Dunbar, Cynthia; National Institutes of Health, Bethesda, Maryland; Retroviral-Mediated Gene Transfer of
Bone Marrow and Peripheral Blood Stem Cells During Autologous Bone Marrow Transplantation for Chronic
Myelogenous Leukemia.

RAC Approval: 6-2-92/NIH Approval: 8-14-92

Minor Modification: 1-6-94

Minor Modification: 3-23-94

(M) Walker, Robert E.; National Institutes of Health, Bethesda, Maryland; A Study of the Safety and Survival o
the Adoptive Transfer of Genetically Marked Syngeneic Lymphocytes in HIV Infected Identical Twins.
RAC Approval: 9-14-92/NIH Approval: 9-3-93
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9209-027* (M)

9209-028* (M)

9209-029 (M)

9209-030 (M)

9403-031/9209-031 (T)

9209-032 (M)

9209-033 (T)

9212-034* (T)

Schuening, Friedrich G.; Fred Hutchinson Cancer Research Center, University of Washington, Seattle,

Washington; A Phase I/II Study of PEXY321, a rhGM-CSF/rhIL-3 Fusion Protein or rhG-CSF, for the

Mobilization of Peripheral Blood Stem Cells for Autologous Stem Cell Transplantation.

RAC Approval: 9-14-92/NTH Approval: 2-5-93

Minor Modification: 2-25-94

Schuening, Friedrich G.; Fred Hutchinson Cancer Research Center, University of Washington, Seattle,

Washington; Evaluation of the Use of Recombinant Human G-CSF Stimulated Peripheral Blood Progenitor

Cell Supplementation in Autologous Bone Marrow Transplantation in Patients with Lymphoid Malignancies.

RAC Approval: 9-14-92/NIH Approval: 2-5-93

Minor Modification 2-25-94

CLOSED: 2-25-94 (Merged with protocol # 9209-027)

Schuening, Friedrich G.; Fred Hutchinson Cancer Research Center, University of Washington, Seattle,

Washington; A Trial of G-CSF Stimulated Peripheral Blood Stem Cells for Engraftment in Identical Twins.

RAC Approval: 9-14-92/NIH Approval: 2-5-93

CLOSED: Protocol Never Initiated

Deisseroth, Albert B.; University of Texas MD Anderson Cancer Center, Houston, Texas; Use of Retroviral

Markers to Identify Efficacy of Purging and Origin of Relapse Following Autologous Bone Marrow and

Peripheral Blood Cell Transplantation in Indolent B Cell Neoplasms (Follicular Non-Hodgkin’s Lymphoma
or Chronic Lymphocytic Leukemia) Patients.

RAC Approval: 9-14-92/NIH Approval: 12-2-93

Minor Modification: 11-3-93

Minor Modification: 11-18-93

Roth, Jack A.: The University of Texas MD Anderson Cancer Center. Houston. Texas: Clinical Protocol

for Modification of Oncogene and Tumor Suppressor Gene Expression in Non-Small Cell Lung Cancer

NSCLC).
9209-031/ RAC Approval of Original Protocol: 9-15-92/

RAC Approval of Original Protocol Withdrawn 12-3-93

9403-031/ RAC Approval of Resubmitted Protocol: 3-4-94/

NTH Approval of Resubmitted Protocol: Pending

Brenner, Malcolm K.; St. Jude Children’s Research Hospital, Memphis, Tennessee; A Phase II Trial of the

Baxter Neuroblastoma Bone Marrow Purging System Using Gene Marking to Assess Efficacy.

RAC Approval: 9-15-92/NTH Approval: 2-5-93

Lotze, Michael T. and Rubin, Joshua T.; University of Pittsburgh, Pittsburgh, Pennsylvania; Gene Therapy

of Cancer. A Pilot Study of IL-4 Gene Modified Antitumor Vaccines.

RAC Approval: 9-15-92/NIH Approval: 2-5-93

Crystal, Ronald G.; New York Hospital-Cornell Medical Center; A Phase I Study, in Cystic Fibrosis

Patients, of the Safety, Toxicity, and Biological Efficacy of a Single Administration of a Replication Deficient,

Recombinant Adenovirus Carrying the cDNA of the Normal Human Cystic Fibrosis Transmembrane

Conductance Regulator Gene in the Lung.

RAC Approval: 12-3-92/NTH Approval: 4-16-93

Minor Modification: 5-17-93

Minor Modification: 10-8-93

Minor Modification: 11-29-93

Minor Modification: 2-4-94
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9212-035“

9212-036“

9303-037“

9303-038

9303-039

9303-040

9303-041*

9303-042*

9306-043*

(T) Wilson, James M.; University of Pennsylvania Medical Center, Philadelphia, Pennsylvania, and Richard H.
^

Simon; University of Michigan Medical Center, Ann Arbor, Michigan; Gene Therapy of Cystic Fibrosis

Lung Diseases Using El Deleted Adenoviruses: A Phase I Trial.

RAC Approval: 12-3-92/NIH Approval: 8-26-93

Minor Modification: 8-17-93

Minor Modification: 8-26-93

Minor Modification: 8-31-94

(T) Welsh, Michael J.; Howard Hughes Medical Institute, Iowa City, Iowa, and Smith, Alan E.; Genzyme :

j

Corporation, Framingham, Massachusetts; Cystic Fibrosis Gene Therapy Using an Adenovirus Vector. In

Vivo Safety and Efficacy in Nasal Epithelium.

RAC Approval: 12-4-92/NIH Approval: 4-16-93

Minor Modification: 10-18-93 ‘j

(T) Culver, Kenneth W.; Iowa Methodist Medical Center, Des Moines, Iowa, Van Gilder, John C.; University

of Iowa, Iowa City, Iowa, Berger, Mitchel; University of California, San Francisco, California, and Prados,

Michael; University of Washington, Seattle, Washington; Gene Therapy for the Treatment of Recurrent *

Glioblastoma Multiforme with In Vivo Tumor Transduction with the Herpes Simplex Thymidine Kinase

Gene/Ganciclovir System.

RAC Approval: 3-1-93/NIH Approval: 4-16-93

Minor Modification: 7-13-94

(M) Heslop, Helen E.; Brenner, Malcolm FL; and Rooney, Cliona; St. Jude Children’s Research Hospital,

Memphis, Tennessee; Administration of Neomycin Resistance Gene Marked EBV Specific Cytotoxic T
Lymphocytes to Recipients of Mismatched-Related or Phenotypically Similar Unrelated Donor Marrow Grafts.

RAC Approval: 3-2-93/NIH Approval: 4-16-93

Minor Modification: 8-31-94

(M) Brenner, Malcolm K.; Krance, Robert; Heslop, Helen E.; Santana, Victor; and Ihle, James; St. Jude

Children’s Research Hospital, Memphis, Tennessee; Assessment of the Efficacy of Purging by Using Gene-

Marked Autologous Marrow Transplantation for Children with Acute Myelogenous Leukemia in First

Complete Remission.

RAC Approval: 3-2-93/NIH Approval: 4-16-93

(T) Simons, Jonathan; Johns Hopkins Oncology Center, Baltimore, Maryland; Phase I Study of Non-Replicating

Autologous Tumor Cell Injections Using Cells Prepared With or Without Granulocyte-Macrophage Colony

Stimulating Factor Gene Transduction in Patients with Metastatic Renal Cell Carcinoma.

RAC Approval: 3-1-93/NIH Approval: 12-2-93

(T) Wilmott, Robert W. and Whitsett, Jeffrey, Children’s Hospital Medical Center, Cincinnati, Ohio, and

Trapnell, Bruce; Genetic Therapy, Inc., Gaithersburg, Maryland; A Phase I Study of Gene Therapy of Cystic

Fibrosis Utilizing a Replication Deficient Recombinant Adenovirus Vector to Deliver the Human Cystic

Fibrosis Transmembrane Conductance Regulator cDNA to the Airways.

RAC Approval: 3-2-93/NIH Approval: 4-16-93

Minor Modification: 8-31-94

(T) Boucher, Richard C. and Knowles, Michael R.; University of North Carolina, Chapel Hill, North Carolina;

Gene Therapy for Cystic Fibrosis Using El Deleted Adenovirus: A Phase I Trial in the Nasal Cavity.

RAC Approval: 3-2-93/NIH Approval: 10-7-93

Minor Modification: 2-17-94

(T) Seigler, Hilliard F.; Duke University Medical Center, Durham, North Carolina; and Merchant, Bruce;

Viagene, Inc., San Diego, California; A Phase I Trial of Human Gamma Interferon-Transduced Autologous

Tumor Cells in Patients With Disseminated Malignant Melanoma.

RAC Approval: 6-7-93/NIH Approval: 9-3-93

Minor Modification: 7-11-94
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* i
9306-044*

|

9306-045

L

9306-046

rff

9306-047

9306-048*

c

9306-049

»

9306-EXP

m

?

9306-050

0:

9306-051

ills

9306-052

^
9309-053*

(T) Deisseroth, Albert B.; Kavanagh, John; and Champlin, Richard; University of Texas MD Anderson Cancer
Center, Houston, Texas; Use of Safety-Modified Retroviruses to Introduce Chemotherapy Resistance

Sequences into Normal Hematopoietic Cells for Chemoprotection During the Therapy of Ovarian Cancer A
Pilot Trial.

RAC Approval: 6-7-93/N1H Approval: 12-2-93

Minor Modification: 2-25-94

Minor Modification: 2-25-94

(T) Nabel, Gary J.; University of Michigan Medical Center, Ann Arbor, Michigan; Immunotherapy for Cancer
by Direct Gene Transfer into Tumors.

RAC Approval: 6-7-93/NIH Approval: 9-3-93

(T) Barranger, John A.; University of Pittsburgh, Pittsburgh, Pennsylvania, Gene Therapy for Gaucher Disease:

Ex Vivo Gene Transfer and Autologous Transplantation of CD34( + ) Cells.

RAC Approval: 6-7-93/NIH Approval: 9-3-93

(T) Karlsson, Stefan and Dunbar, Cynthia; National Institutes of Health, Bethesda, Maryland, and Kohn,

Donald B.; Childrens Hospital Los Angeles, Los Angeles, California; Retroviral Mediated Transfer of the

cDNA for Human Glucocerebrosidase into Hematopoietic Stem Cells of Patients with Gaucher Disease.

RAC Approval: 6-7-93/NIH Approval: 9-3-93

(T) Galpin, Jeffrey E.; University of Southern California, Casciato, Dennis A.; Shared Medical Research

Foundation, Tarzana, California, and Merchant, Bruce; Viagene, Inc., San Diego, California; A Preliminary

Study to Evaluate the Safety and Biobgic Effects of Murine Retroviral Vector Encoding HIV-1 Genes [HIV-

IT(V)] in Asymptomatic Subjects Infected with HIV-1.

RAC Approval: 6-7-93/NIH Approval: 9-3-93

Minor Modification: 7-11-94

(T) Nabel, Gary J.; University of Michigan Medical Center, Ann Arbor, Michigan; A Molecular Genetic

Intervention for AIDS - Effects of a Transdominant Negative Form of Rev.

RAC Approval: 6-7-93/NIH Approval: 9-3-93

(T) Sobol, Robert and Royston, Ivor; San Diego Regional Cancer Center, San Diego, California;

CONFIDENTIAL.
NIH Approval: 12-28-92

Major Amendment (Expedited Review)/NIH Approval: 5-11-93

CLOSED: 10-20-93 (Patient death)

(T) Raffel, Corey, Childrens Hospital Los Angeles, Los Angeles, California, and Culver, Kenneth; Iowa

Methodist Medical Center, Des Moines, Iowa; Gene Therapy for the Treatment of Recurrent Pediatric

Malignant Astrocytomas with In Vivo Tumor Transduction with the Herpes Simplex Thymidine Kinase Gene.

RAC Approval: 6-8-93/NIH Approval 9-3-93

(T) Hesdorffer, Charles and Antman, Karen; Columbia University College of Physicians and Surgeons, New

York, New York; Human MDR Gene Transfer in Patients with Advanced Cancer.

RAC Approval: 6-8-93/NIH Approval: 9-3-93

(T) Ilan, Joseph; Case Western Reserve University School of Medicine and University Hospitals of Cleveland,

Cleveland, Ohio; Gene Therapy for Human Brain Tumors Using Episome-Based Antisense cDNA
Transcription of Insulin-Like Growth Factor I.

RAC Approval: 6-8-93/NIH Approval: 12-2-93

(T) Cassileth, Peter; Podack, Eckhard R.; Sridhar, Kasi; University of Miami, and Savaraj, Niramol; Miami

Veterans Administration Hospital, Miami, Florida; Phase I Study of Transfected Cancer Cells Expressing the

InterleuJdn-2 Gene Product in Limited Stage Small Cell Lung Cancer.

RAC Approval: 9-9-93/NIH Approval: 12-2-93

Minor Modification: 3-23-94
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9309-054

9309-055

9309-056

9309-057

9309-058

9312-059
3

9312-060

9312-061

9312-0623

9312-063

9312-064

Attachnait Et - F&ge 7

(T) O’Shaughncssy, Joyce; National Institutes of Health, Bethesda, Maryland; Retroviral Mediated Transfer of
the Human Multi-Drug Resistance Gene (MDR-1) into Hematopoietic Stem Cells During Autologous

Transplantation after Intensive Chemotherapy for Breast Cancer.

RAC Approval: 9-9-93/NTH Approval: 10-7-93

(T) Kun, Larry E.; Sanford, R. A.; Brenner, Malcolm K.; and Heideman, Richard L.; St. Jude Childrens

Research Hospital, Memphis, Tennessee; and Oldfield, Edward H.; National Institutes of Health,

Bethesda, Maryland; Gene Therapy for Recurrent Pediatric Brain Tumors.

RAC Approval: 9-9-93/NIH Approval: 10-7-93

(T) Das Gupta, Tapas K. and Cohen, Edward P.; University of Illinois at Chicago; Chicago, Illinois;

Immunization of Malignant Melanoma Patients with Interleukin 2-Secreting Melanoma Cells Expressing

Defined Allogeneic Histocompatibility Antigens.

RAC Approval: 9-10-93/NIH Approval: 4-19-94

(T) Wong-Staal. Flossie: Poeschla. Eric: and Looney. David; University of California, San Diego. California: A
Phase I Clinical Trial to Evaluate the Safety and Effects in HIV-1 Infected Humans of Autologous

Lymphocytes Transduced with a Ribozvme that Cleaves HIV-1 RNA.
RAC Approval: 9-10-93/NIH Approval: Pending

(T) Economou, James S. and Glasby, John A.; University of California Medical Center, Los Angeles,

California; Genetically Engineered Autologous Tumor Vaccines Producing Interleukin-2 for the Treatment of

Metastatic Melanoma.

RAC Approval: 9-10-93/NIH Approval: 12-2-93

(T) Oldfield, Edward H. and Ram, Zvi; NIH, Bethesda, Maryland; Intrathecal Gene Therapy for the Treatment '

of Leptomeningeal Carcinomatosis.

RAC Approval: 12-2-93/NIH Approval: 1-20-94

Minor Modification: 7-5-94

(T) Sobol. Robert E. and Rovston. Ivor: San Diego Regional Cancer Center. San Diego. California; Injection

of Colon Carcinoma Patients with Autologous Irradiated Tumor Cells and Fibroblasts Genetically Modified to

Secrete Interleukin-2.

RAC Approval: 12-2-93/NIH Approval: Pending J

(T) Schuening. Friedrich: Fred Hutchinson Cancer Research Center. Seattle. Washington; Retrovirus-Mediated

Transfer of the cDNA for Human Glucocerebrosidase into Peripheral Blood Repopulating Cells of Patients

with Gaucher’s Disease.

RAC Approval: 12-2-93/NIH Approval: Pending il

(T) Haubrich, Richard; University of California at San Diego Treatment Center, San Diego, California, and

Merchant, Bruce; Viagene, Inc., San Diego, California; An Open Label, Phase 1/11 Clinical Trial to

Evaluate the Safety and Biological Activity of HIV-rT(V) (HIV-1 IIBenv/Retroviral Vector) in HIV-1 Infected

Subjects.

RAC Approval: 12-3-93/NIH Approval: 4-19-94

Minor Modification: 7-11-94

(T) Sznol, Mario; National Institutes of Health, Frederick, Maryland; A Phase I Trial of B7-Transfected

Lethally Irradiated Allogeneic Melanoma Cell Lines to Induce Cell Mediated Immunity Against Tumor-

Associated Antigens Presented by HLA-A2 or HLA-A1 in Patients with Stage TV Melanoma.

RAC Approval: 12-3-93/NIH Approval: 4-19-94

(T) Rubin, Joseph; Mayo Clinic, Rochester, Minnesota; Phase I Study of Immunotherapy ofAdvanced II

Colorectal Carcinoma by Direct Gene Transfer into Hepatic Metastases.

RAC Approval: 12-3-93/NIH Approval: 4-19-94
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9312-065

9312-066

9312 -067
3

9403 -068
*

9403-069

9403-070

9403-071

9403-072

9406-073

9406-074

9406-075

9406-076

(T) Chang, Alfred E.; University of Michigan, Ann Arbor, Michigan; Adoptive Immunotherapy of Melanoma
with Activated Lymph Node Cells Primed In Vivo with Autologous Tumor Cells Transduced with the IL~4
Gene.

RAC Approval: 12-3-93/N1H Approval: 8-93-24

CO Sorscher . Eric J. and Logan, James L.; University of Alabama. Birmingham. Alabama: Gene Therapy for

Cystic Fibrosis Using Cationic Liposome Mediated Gene Transfer A Phase I Trial of Safety and Efficacy in

the Nasal Airway.

RAC Approval: 12-3-93/NTH Approval: Pending

(T) Welsh, Michael J.; Howard Hughes Medical Institute, Iowa City, Iowa; Adenovirus-Mediated Gene Transfer

of CFTR to the Nasal Epithelium and Maxillary Sinus of Patients with Cystic Fibrosis.

RAC Approval: 12-3-93/NIH Approval: 2-10-94

Minor Modification: 2-17-94

CO Rosenblatt, Joseph; University of California. Los Angeles, California: Seeger. Robert. Childrens Hospital.

Los Angeles, California, and Merchant. Bruce, Viagene. Inc.. San Diego. California: A Phase I Study of

Immunization with Gamma Interferon Transduced Neuroblastoma Cells.

RAC Approval: 3-3-94/NTH Approval: Pending

Minor Modification: 7-11-94

(T) Walker, Robert; NIH, Bethesda, Maryland; A Phase I/II Pilot Study of the Safety of the Adoptive Transfer

of Syngeneic Gene-Modified Cytotoxic T-Lymphocytes in HIV-Infected Identical Twins.

RAC Approval: 3-3-94/NIH Approval: 8-23-94

(T) Brigham. Kenneth; Vanderbilt University. Nashville. Tennessee: Expression of an Exogenously Administered

Human Alpha- 1-Antitrypsin Gene in the Respiratory Tract of Humans.
RAC Approval: 3-3-94/NIH Approval: Pending

(T) Vogelzang, Nicholas; the University of Chicago, Chicago, Illinois; Phase I Study of Immunotherapy for

Metastatic Renal Cell Carcinoma by Direct Gene Transfer into Metastatic Lesions.

RAC Approval: 3-4-94/NIH Approval: 4-19-94

(T) Hersh, Evan; Arizona Cancer Center, Tuscon, Arizona; and Akporiaye; Harris; Stopeck; Unger; and

Warneke; the University of Arizona, Tuscon, Arizona; Phase I Study of Immunotherapy of Malignant

Melanoma by Direct Gene Transfer.

RAC Approval: 3-4-94/NIH Approval: 4-19-94

(T) Curiel. David: University of Alabama. Birmingham. Alabama: Phase I Trial of a Polynucleotide Augmented

Anti-tumor Immunization to Human Carcinoembryonic Antigen in Patients with Metastatic Colorectal Cancer.

RAC Approval: 6-9-94/NIH Approval: Pending

(T) Evans. C. H. and Robbins. Paul: University of Pittsburgh. Pittsburgh. Pennsylvania: Clinical Trial to Assess

the Safety. Feasibility, and Efficacy of Transferrins a Potentially Anti-arthritic Cytokine Gene to Human Joints

with Rheumatoid Arthritis.

RAC Approval: 6-9-94/NIH Approval: Pending

(M) Freedman, Ralph; MD Anderson Cancer Center, Houston, Texas; Use of a Retroviral Vector to Study the

Trafficking Patterns of Purified Ovarian TIL Populations Used in Intraperitoneal Adoptive Immunotherapy of

Ovarian Cancer Patients: A Pilot Study.

RAC Approval: 6-9-94/NIH Approval: 7-12-94

(M) Heslop, Helen; Brenner, Malcolm, K.; and Krance, Robert; St. Jude Childrens Research Hospital,

Memphis, Tennessee; Use of Double Marking with Retroviral Vectors to Determine the Rate of Reconstitution

of Untreated and Cytokine Expanded CD34( + ) Selected Marrow Cells in Patients Undergoing Autologous

Bone Marrow Transplantation.

RAC Approval: 6-9-94/NIH Approval: 7-12-94
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Deisseroth, Albert; Hortobagyi, Gabriel; Champlin, Richard; and Holmes, Frankie; MD Anderson Cancer
Center, Houston, Texas; Use of Safety-Modified Retroviruses to Introduce Chemotherapy Resistance

Sequences into Normal Hematopoietic Cells for Chemoprotection During the Therapy of Breast Cancer A
Pilot Trial.

RAC Approval: 6-9-94/NIH Approval: 7-12-94

Liu, Johnson, M. and Young, Neal S.; National Institutes of Health, Bethesda, Maryland; Retroviral

Mediated Gene Transfer of the Fanconi Anemia Complementation Group C Gene to Hematopoietic

Progenitors of Group C Patients.

RAC Approval: 6-9-99/NIH Approval: 2-12-94

Roth, Jack A.; MD Anderson Cancer Center. Houston. Texas: Clinical Protocol for Modification of Tumor
Suppressor Gene Expression and Induction of Apoptosis in Non-Small Cell Lune Cancer (NSCLC) with an

Adenovirus Vector Expressing Wildtype p53 and Cisplatin.

RAC Approval: 6-10-94/NIH Approval: Pending

Sobol, Robert and Royston, Ivor; San Diego Regional Cancer Center; San Diego, California; Injection of

Glioblastoma Patients with Tumor Cells Genetically Modified to Secrete Interleukin-2 (IL-2): A Phase I

Study.

RAC Approval: 6-10-94/NIH Approval: 7-12-94

Lotze, Michael T; University of Pittsburgh. Pittsburgh. Pennsylvania; IL-12 Gene Therapy Using Direct

Injection of Tumor with Genetically Engineered Autologous Fibroblasts.

RAC Approval: 6-10-94/NIH Approval: Pending

Simons, Jonathan; Johns Hopkins Oncology Center; Baltimore, Maryland; Phase I/II Study of Autologous

Human GM-CSF Gene Transduced Prostate Cancer Vaccines in Patients with Metastatic Prostate Carcinoma.

NIH/ORDA Approval: 8-3-94

LEGEND:

M = Human Gene Marking Protocol

T = Human Gene Therapy Protocol
* = Minor Modificalion(s)

= Major Amendment(s)
= RAC Approved/NIH Approval Pending

September 2, 1994

T M Total (T + M)

|
RAC APPROVED 57 24 81

j
NIH APPROVED 48 24 72

9406-077 (T)

9406-078 (T)

9406-079 (T)

9406-080 (T)

9406-081 (T)

9408-082 (T)

[
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Attachment IV - Ffcge 1

ACRONYMS

AAV adeno-associated virus

ACV acyclovir

ADA adenosine deaminase

ADD adenosine deaminase deficiency

AIDS acquired immune deficiency syndrome

BL biosafety level

BMT bone marrow transplantation

cDNA complementary DNA
CF cystic fibrosis

CFR Code of Federal Regulations

CFTR cystic fibrosis transmembrane conductance regulator

cm centimeter

CMV cytomegalovirus

CSF cerebral spinal fluid

CTL cytotoxic T lymphocyte

DNA deoxyribonucleic acid

FDA Food and Drug Administration

FIAU fialuridine

GCV ganciclovir

HIV human immunodeficiency virus

HSV-TK herpes simplex virus thymidine kinase

IBC Institutional Biosafety Committee

IDS iduronate-2-sulfatase

IL interleukin

IND Investigational New Drug Application

IRB Institutional Review Board

ITR inverted terminal repeats

kd kilodalton

LTR long terminal repeat

ml milliliter

mg milligram

MHC major histocompatibility complex

MMTV mouse mammary tumor virus

MOI multiplicity of infections

MRI magnetic resonance imaging

mRNA messenger ribonucleic acid

neo R neomycin resistance

NIH National Institutes of Health

NIH Guidelines NIH Guidelines for Research Involving Recombinant DNA Molecules

PAD peripheral artery disease

ORDA Office of Recombinant DNA Activities

PCR polymerase chain reaction

PET positron emission tomography

PFU plaque forming units

PI principal investigator
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Attachment IV - F^ge 2

ACRONYMS - page 2

Points to Consider Points to Consider in the Design and Submission of Protocols for the

Transfer of Recombinant DNA into the Genome of Human Subjects

RAC
RCR
RNA
RT
RT-PCR
SCID
TNF
VEGF

Recombinant DNA Advisory Committee

replication-competent retrovirus

ribonucleic acid

reverse transcriptase

reverse transcriptase polymerase chain reaction

severe combined immunodeficiency

tumor necrosis factor

vascular endothelial growth factor
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HUMAN GENE TRANSFER PROTOCOL

9408-082 Simons, Jonathan; Johns Hopkins Oncology Center, Baltimore, Maryland;

Phase I/II Study of Autologous Human GM-CSF Gene Transduced Prostate

Cancer Vaccines in Patients with Metastatic Prostate Carcinoma.

NIH/ORDA Approval: 8-3-94 (Accelerated Review)
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COVER SHEET FOR ACCELERATED REVIEW
OF A HUMAN GENE TRANSFER EXPERIMENT

Approval is requested only for Phase I portion of Phase I/ll study. An overview of

study sequence is attached.

A. BACKGROUND

Title: Phase I/ll Study of Autologous Human GM-CSF Gene Transduced
Prostate Cancer Vaccines in Patients with Metastatic Prostate

Carcinoma

Principal Investigator. Jonathan W. Simons, M.D.

Participating Institutions:

The Johns Hopkins Oncology Center, Baltimore, MD
Somatix Therapy Corporation, Alameda, CA

B. Vector, Target Cell, and Transduction Procedures

1 . The replication defective retroviral vector is MFG-S. The gene is the human
GM-CSF gene.

2. The MFG-S vector containing the human GM-CSF gene has been N.I.H.

RAC reviewed and approved in protocol 9303-040 in March, 1993.

3. The vector and irradiated transduced prostate cancer vaccine cells are

supplied by Somatix Therapy Corporation. The MFG-S-GM-CSF vector is

approved for Phase I study in irradiated renal carcinoma vaccines under

FDA IND BB5229.

4. The target cells will be autologous human prostate cancer cells in primary

culture.

5. On average, copy number is 1-2 per cell at Somatix Therapy Corporation in

PCA cells using a single transduction of a production lot of MFG-S-GM-
CSF.

6. The level of gene expression in the study is 40 - 1000 ng/10
6
cells/24 hours.

[110]
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7. Gene expression is measured in this trial both by ELISA for GM-CSF.
Transduction efficiency is measured by copy number on Southern blots.

8. RCR has not been detected by the attached FDA supervised assays at

Somatix Therapy Corporation under IND BB5229. RCR testing at Somatix

Therapy Corportation is attached as Appendix 1

.

9. RCR has not been detected in production lots for vaccine generation.

10. Sensitivity of testing and sensitivity under FDA supervised manufacturing at

Somatix Therapy Corporation IND BB5229 is attached in Appendix 1.

C. Clinical Protocol

1 . The hormone refractory Dunning MAT-Ly-Lu prostate cancer model showed
efficacy of MFG-GM-CSF transduced tumor vaccines against

preestablished,hormonal and chemotherapy resistant tumor burdens. This

data is published as well as presented in the protocol.

2. Specific endpoints of the Phase I portion of the Phase I/ll study are: (1) To
evaluate the safety of skin injections of cultured, lethally-irradiated,

autologous MFG-S-GM-CSF gene transduced PCA cells secreting

huGM-CSF at 40-1000ng/l0
6
vaccine cells/24 hrs; (2) To describe and

quantitate the acute toxicities using NCI Common Toxicity Criteria, if any, of

irradiated GM-CSF gene transduced PCA cell vaccine therapy; (3) To test

for induced antitumor immune responses following therapy.

3. The proposed study is to be conducted at The Johns Hopkins Oncology

Center solely.

4. The proposed study is similar to the RAC approved Phase I renal

carcinoma protocol, protocol number 9303-040. The only major difference

in this trial is (1) the schedule of vaccinations is every 21 days rather than

28 days, and (2) the target cell for genetic modification prior to radiation are

autologous prostate cancer cells. The cell dose range studied in the Phase
I prostate cancer protocol (1 x 10

7
- 1 x 10

8
)is in the cell dose range under

study in the ongoing renal cell trial (4x10-1 x 10
9
). In clinical prostate

cancer, 4 x 10
8

is the maximum obtainable PCA cell harvest from primary

cancers.
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D. Local Committee Approvals

1. The Johns Hopkins Institutional Biosafety Committee has approved the

protocol without condition, and this approval is enclosed.

2. The Phase I portion of the Phase I/ll study has been unconditionally

approved by the Institutional Review Board. The study design of the Phase
II portion is approved with the conditions of N.I.H. RAC, FDA, and IRB
review of phase I data. Approval is enclosed.

E. Informed Consent Document

1. The "Informed Consent Document" is enclosed. Per the Johns Hopkins IRB
(Joint Committee on Clinical Investigation), the page limitation for consent forms

continues to be three pages, written at a six grade level of reading comprehension. Each
patient, in addition to being requested to sign the "Informed Consent" is given a "Patient

and Family Brochure" which has been coauthored by current cancer patients at Johns
Hopkins for readability and is also approved by the IRB. Both of these are enclosed.

Specific items in the "Informed Consent" document require the following documentation:

(a) Women do not get prostate cancer; therefore, birth control is not an

issue in the consent form.

(e) The Johns Hopkins Oncology Center has strict policies on sharing

information on ongoing clinical trials with the public or news media.

There are no interactions with the press until after peer- reviewed

papers have been published.

[
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HUMAN GENE TRANSFER PROTOCOL

9409-083 Flotte, Terence R.; Johns Hopkins Childrens Center, Baltimore, Maryland;

A Phase I Study of an Adeno-associated Virus-CFTR Gene Vector in Adult

CF Patients with Mild Lung Disease.

Date of RAC Approval: 9-12-94

Date of NIH Approval: 11-15-94
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1.0 SCIENTIFIC ABSTRACT OF THE PROTOCOL Scientific

Cystic fibrosis (CF), the most common lethal genetic disease in North America, is caused by
defects in the cystic fibrosis transmembrane conductance regulator (CFTR) gene. The CFTR
gene product is required for regulation of epithelial chloride transport in multiple organs,

including the airways. CF lung disease develops gradually over many years as abnormally
viscous secretions lead to airways obstruction, infection, inflammation, and fibrosis. It

ultimately may lead to respiratory failure, which is the cause of death in more than 90% of CF
patients.

Gene therapy for CF lung disease is currently being pursued with adenovirus and liposome-

based vectors. Although these vector systems are efficient for expression of CFTR both in

vitro and in vivo, neither one results in stable DNA integration into the target cell. As a result,

expression from each of these type of vectors is generally transient in nature. Since long-term

expression is likely to be important for interrupting the progression of disease as outlined

above, neither of the two current systems would seem to be optimal.

Our group has developed an alternative vector system for CFTR gene transfer based on adeno-

associated virus (AAV). AAV vectors can undergo stable DNA integration into the host cell,

and AAV-CFTR vectors have been shown to confer stable correction of the physiologic defect

in cAMP-mediated chloride secretion when administered to cultured CF bronchial epithelial

cells. Furthermore, AAV-CFTR vectors transduce and express recombinant CFTR in vivo

after delivery to the airway surface of animals. Long-term vector expression, up to 6 months
after a single-dose administration, has been observed in a New Zealand white rabbit model.

An additional advantage ofAAV vectors is the absence of any wild-type AAV viral coding

sequence in the vector construct. Inflammatory reaction as a result of viral gene expression is

not a possibility with AAV-CFTR vectors because of their lack of viral genes. Studies in

rabbits, mice, rats, and rhesus macaques have all demonstrated that single-dose AAV vector

administration does not result in lung inflammation or any other adverse effects, even at doses

resulting in high levels of recombinant gene expression.

The current study will include an initial phase I clinical trial of AAV-CFTR vector administered

to the nose and bronchial epithelium of adult CF patients with mild lung disease. This will be a

dose escalation study in which vector expression and safety will be concurrently assessed at a

series of vector doses ranging up to 10*0 particles administered to the nasal epithelium and

through a fiberoptic bronchoscope to a single lung lobe. The results of this study will serve to

guide dosing in future trials aimed at the prevention and treatment of CF lung disease.
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Non-Technical Abstract

2.0 DESCRIPTION OF PROPOSED RESEARCH IN NON-TECHNICAL
LANGUAGE

Cystic fibrosis (CP7
), the most common inherited disease in North America, is caused by

problems in a gene known as "CFTR". Normal functioning of this gene is required for the

movement of water and salt into mucous in the lungs. Persons with this disease have abnormal

mucous in their lungs which builds up over time and leads gradually, over many years, to

serious lung disease. Attempts are being made to replace the missing gene function using

special gene carriers, or vectors, which carry corrected genes into cells. The types of vectors

tested in patients so far have a temporary effect and therefore may not be ideal for treating CF
lung disease. Our group has developed a different type of vector, called AAV, which is based

on a virus that can insert its DNA permanently into the cells that it enters. This vector may
provide long term correction of the biological defect seen in cystic fibrosis patients. Our tests

of AAV vectors carrying the CFTR gene have shown it to be biologically active and safe in

cells in the test tube and in animals.

The study described here will carry this vector forward into its first trials in patients with CF.

Doses of vector will be placed inside the nose and dripped into the lung through a long, flexible

tube, called a bronchoscope. This trial will be performed in adult men and women with CF, in

order to determine whether a functioning CFTR gene can be given to patients using this vector

without causing side effects. We hope to use these results in order to design future studies

which will attempt to actually treat or prevent lung disease in people with CF.
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Protocol 1.001

Protocol

A Phase I Study of an Adeno-Associated Virus-CFTR Gene
Vector in Adult CF Patients with Mild Lung Disease

Principal Investigator: Terence Flotte, M.D.

Co-Investigators: Barrie Carter, Ph.D.

Carol Conrad, M.D.
William Guggino, Ph.D.

Thomas Reynolds, M.D., Ph.D.

Beryl Rosenstein, M.D.
George Taylor, M.D.
Sandra Walden, M.D.
Randall Wetzel, M.D.

Date: May 20, 1994
Revised: July 6, 1994
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A PHASE I STUDY OF AN ADENO-ASSOCIATED VIRUS-CFTR GENE
VECTOR IN ADULT CF PATIENTS WITH MILD LUNG DISEASE.

1.0 OBJECTIVES

1.1 Primary Objectives

Assessment of the safety of administration of a recombinant AAV-CFTR vector to

the nasal epithelium and single lung lobe. Dose escalation will be performed in an

attempt to achieve the maximum tolerated dose (MTD).

1.2 Secondary Objectives

Assessment of in vivo gene transfer of the AAV-CFTR vector.

Assessment of CFTR gene expression and physiologic effect following

gene transfer.

Assessment of the clinical impact of CFTR gene expression following gene

transfer.

Monitor patient immune response directed against CFTR or vector components
following vector administration.

2.0 BACKGROUND

Cystic fibrosis (CF) is the most common lethal inherited disorder in North America, having

an autosomal recessive inheritance pattern with an incidence of 1 in 2750 live births 1. The
hallmarks of the disease include thick, dehydrated airway mucus, chronic Pseudomonas
lung infection, pancreatic insufficiency, bile duct obstruction, infertility in males, reduced

fertility in females, high sweat Cl", intestinal obstruction, nasal polyp formation, and
chronic sinusitis. A theory which unified all of the seemingly disparate abnormalities,

suggested first by Quinton^, is that all epithelial cells affected by CF have defective C1‘

transport^.

The CF gene has been cloned and sequenced and shown to encode a protein called the

cystic fibrosis transmembrane conductance regulator (CFTR)4. It has been shown

convincingly that CFTR functions as a Cl
-
channel with distinctive properties^. The CFTR

protein is localized on the apical cell membrane and participates in Cl
-
transport. In tissues

affected in CF, mutations in the CFTR gene result in defective functioning and processing

of the protein causing the wide range of symptoms associated with CF.

Over 300 mutations in the CF gene have been identified^; however, approximately 90% of

the chromosomes carrying a CF mutation have a single three base pair deletion which
results in a deletion of a phenylalanine at position 508 (AF508). The CFTR protein bearing

the AF508 mutation is improperly trafficked to the cell membrane, probably due to

abnormal folding of the protein and increased degradation in the endoplasmic reticulum^.

The reduced quantities of CFTR which escape degradation and are properly transported to

the plasma membrane display reduced Cl
-
channel function^. This compounding of miss-

trafficking with reduced Cl
-
channel function is associated with severe phenotypes of CF.
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The majority of the non-AF508 mutations are rare, some occurring in only a few CF
patients, and they result in a range of disease severity from severe to mild^.

Although treatment for patients with CF is improving, the median survival age of CF
patients is only 29 years. Treatment typically involves a combination of physio-therapy,

antibiotic treatment, and pancreatic enzyme supplements. Recently, aerosol DNase has been
shown to improve pulmonary function and decrease the rate of respiratory tract

exacerbation. Although all of the current therapies address symptoms of the disease, none

impact on the primary defect in Cl" transport. Gene therapy holds the promise of targeting

the primary defect by endowing airway cells with ability to reconstitute proper CT transport

in vivo.

3.0 RATIONALE

3 . 1 Genetic Therapy Approaches in the Treatment of CF

Correction of the basic defect in cAMP-stimulated chloride conductance by transfer of the

CFTR cDNA into epithelial cells derived from CF patients^ has led to the hypothesis that a

similar genetic delivery in an intact lung could prevent the development of CF lung disease.

The anatomy and histologic organization of the respiratory tract dictates that this can only

be accomplished with a gene transfer vector which will function in vivo to deliver a normal
CFTR cDNA directly to the airway epithelial cells. The ability of a vector to target airway

epithelial cells is, therefore of central importance.

A number of vector systems have been described for potential use in gene therapy. For
CF, retroviral systems are of limited utility because most of the respiratory epithelium is

comprised of non-dividing cells. Several non-viral systems have been proposed such as

receptor-mediated endocytosis methods and liposome-mediated delivery. Neither of these

systems has the intrinsic ability to generate long term expression.

One logical approach to this problem is to use recombinant virus vectors derived from
isolates which have evolved mechanisms for infection and gene transfer into the human
respiratory tract. One such vector, adenovirus type 5 (Ad5), has been used for gene

transfer in the cotton rat model^TO. The use of recombinant adenoviruses for CF gene

therapy in humans has recently been approved by the Recombinant DNA Advisory

Committee of the National Institutes of Health, and several clinical trials using Ad-CFTR
vectors are currently in progress. However, data in both non-human primates ^ and

humans 1 3 indicate the pulmonary inflammation occurs at high adenovirus vector dose

required for CFTR expression .

Alternative vector systems that combine the benefits of direct in vivo delivery with the

potential to persist stably for prolonged periods are necessary for prevention of the

pulmonary complications of CF. One such system that fits these criteria, without evidence

to date of toxicity, uses an adeno-associated virus vector.

3.2 Adeno-Associated Virus (AAV) Vectors

Adeno-associated virus (AAV) vectors are among a small number of recombinant virus

vector systems which have been shown to have utility as in vivo gene transfer agents 14,15

and thus are potentially of great importance for human gene therapy. AAV vectors are

capable of high-frequency stable transduction and expression in a variety of cells including

CF bronchial and nasal epithelial cells5>16-18

[118] Recombinant DNA Research, Volume 20



AAV is not known to cause any disease. AAV is not a transforming or oncogenic virus.

AAV integration into chromosomes of human cell lines does not cause any significant

alteration in the growth properties or morphological characteristics of the cells. These
properties of AAV recommend it as a potentially useful human gene therapy vector because

most of the other viral vectors proposed for this application such as retroviruses,

adenoviruses, herpes viruses, and poxviruses can cause disease.

The general principles of AAV vector construction have been defined as reviewed

recently 14,15 AAV vectors are constructed in AAV recombinant plasmids by substituting

portions of the AAV coding sequence with foreign DNA to generate a vector plasmid. In

the vector plasmid, the terminal (ITR) portions of the AAV sequence must be retained intact

because these regions are required in cis for several functions, including excision from the

plasmid after transfection, replication of the vector genome, and integration and rescue

from the host cell genome. The vector plasmid is transfected into a producer cell line and
packaged into an AAV particle to generate an AAV transducing virus by infection of the

producer cells with an appropriate helper virus such as adenovirus. In order to achieve

replication and encapsidation of the vector genome into AAV particles, the vector plasmid

must be complemented for any AAV functions required in trans, namely rep and cap, that

were deleted in construction of the vector plasmid. From lysates of such producer cells the

AAV vector particles can be purified and concentrated.

There are several desirable features of AAV vectors that are designed for use in human
gene therapy. First, the transducing vector can be generated at sufficiently high titers that it

is practical as a delivery system. This is especially important for gene therapy stratagems

aimed at in vivo delivery of the vector. Secondly, the vector preparations can be generated

free of wild type AAV virus. Third, the vector need not contain any coding sequences

except the gene to be used as the therapeutic agent.

3.3 In Vitro Characterization of the AAV vector system

The construction and packaging of recombinant adeno-associated virus vectors suitable for

transduction of the airway epithelium was first accomplished with the neomycin

phosphotransferase reporter gene vector, pAAVp5neo^. This vector was used to

transduce the CF bronchial epithelial cell line, D33-1, and up to 70% of the cells expressed

neo, as assessed by G418 resistance. Similar vectors expressing the CFTR cDNA were

constructed and packaged into infectious AAV virions 1
'. These vectors were used to

transduce the CF bronchial epithelial cells in culture. Even in the absence of selection,

CFTR protein expression was detectable by immunofluorescence, and CFTR-mediated
cAMP-dependent chloride conductance was observed.

Further delineation of the nature of the complementation seen in these cells was

accomplished using excised patch-clamp recordings^. These studies revealed that the

corrected cells demonstrated both (1) the appearance of small linear chloride conductances,

previously associated with recombinant CFTR expression, and (2) the restoration of cAMP
regulation of the outwardly rectifying chloride channel, previously shown to be defective in

the airway epithelium in CF.

The ability to transduce non-dividing cells is an additional consideration relevant to in vivo

gene transfer to the airway epithelium, where most surface ciliated cells are in G0 at any

given point in time. Experiments in growth-arrested cells indicate that cell division is not

absolutely required for AAV vector gene transfer and expression, although cell division

appears to enhance the efficiency of gene transfer^.
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Fairly extensive studies have also been performed on an AAV-CFTR transduced EB3-1 cell

line, A35. These studies indicate that vector DNA integration is present in approximately

5% of cells as judged by fluorescent in situ hybridization (FISH), while additional copies

of the vector genome are detectable in the low molecular DNA fraction from these cells,

indicating that both integrated and unintegrated forms may be present. The identifiable

integration sites appear to be different from the described chromosome 19 integration site

(AAVS 1). These studies taken in total indicate that while the use of AAV recombinant

vectors may introduce some risk of insertional mutagenesis, this risk may be lessened by
the fact that vector DNA may frequently be present in extra-chromosomal sites.

3.4 Preliminary Animal Experiments

3.4.1 Rabbit studies

The same AAV-CFTR vectors used for the in vitro studies were evaluated for biological

efficacy in vivo after delivery to the airway surface of New Zealand white rabbits^. A
flexible fiberoptic bronchoscope was used to deliver 10^ particles of AAV-CFTR vector

to the surface of the right lower lobe bronchus. The presence of AAV-CFTR vector

genomes appeared to be limited to the right lower lobe of each of the vector-treated animals

as assessed by in situ DNA PCR. RNA expression was detectable by PCR in lung

homogenates from rabbits sacrificed 3 days, 10 days, 3 months, and 6 months after vector

instillation, while none was observed in vehicle-treated controls. CFTR protein expression

was detectable by immunohistochemistry and immunoblotting at each of these time points

as well. There were no histopathologic changes seen in the lung, liver, kidney, or heart

samples from any of these animals. These findings demonstrate both biologic activity and

safety of AAV-CFTR vector administration to the airway surface, when given in a manner
analogous to that which would be used for clinical gene therapy trials in CF patients.

Another aspect of in vivo delivery which warrants consideration is the possibility that, in

the course of vector delivery through a fiberoptic bronchoscope, the mucosal barrier may
be breached resulting in significant systemic spread of recombinant virus. This issue has

been studied by directly injecting a high dose (10^ particles) of AAV-CFTR into the

auricular veins of New Zealand white rabbits. Animals were sacrificed at 1 week after

vector injection and the spread of vector DNA was studied by standard PCR and in situ

PCR of the following organs: RLL lung, LUL lung, trachea, thymus, bronchial lymph
node, heart, liver, spleen, pancreas, kidney, jejunum, mesenteric lymph node, gonad, and

brain. No vector DNA was detectable in a vehicle-injected control animal, but vector DNA
was present in thymus of both of the vector-injected animals, and in the bronchial lymph
node of one of two vector-injected animals. No vector DNA was detectable in the gonads

or any other organs of either of the vector-injected animals. This study, indicates that while

hematogenous dissemination of AAV-CFTR may occur after direct intravenous injection,

this is not likely to result in germ-line alteration, even in the unlikely event that an entire

bolus of the highest vector dose were to enter the bloodstream.

3.4.2 Primate studies

Based on the characteristics of the AAV vector system and the experimental preclinical

biology described above, one might expect pneumonitis or other pulmonary toxicity to

occur much less frequently with AAV-CFTR than with adeno-CFTR vectors. Rhesus

monkeys were chosen for the final preclinical phase of AAV-CFTR vector testing since

these primates provide a suitable host for AAV and adenoviruses. They are particularly

relevant in the context of identifying potential problems related to recombinant virus
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shedding, immunologic reactions, or other potential adverse effects from AAV-CFTR
vectors delivered to the airway surface via a flexible fiberoptic bronchoscope.

In order to determine the biological activity and safety of AAV-CFTR vector administration

in primates a study of AAV-CFTR vector administration was performed in rhesus

macaques. Doses of vehicle, 5x10^, 1x10^, or 1x10^ 1 particles of AAV-CFTR were

administered to the RLL through a fiberoptic bronchoscope. Animals were sacrificed at 10

days, 21 days, or 90 days after vector instillation.

Vector DNA was detectable in cells from the RLL of the vector-treated animals, but not in

the control animals. The presence and expression of AAV-CFTR vector DNA was also

detected in the liver of the 10^ dose animal, and in the trachea. There were no significant

abnormalities noted in any of the safety assessments, although there was a mild prominence

of the bronchus-associated lymphoid tissue (BALT) in the 10^ dose monkey. The
functional studies of airway function (PFT) and gas exchange (arterial blood gases, chest

radiographs) were entirely normal. Although spread to the liver was observed by in situ

PCR it was localized to one small area (<10% of the total area of one cross section), and

there was no spread to the gonads, even at this very high dose, and no evidence of

neoplastic changes. Taken together these studies indicate that AAV-CFTR vector

administration is safe in primates at doses ranging from 5x10^ to 1x10^ particles

administered to a single lung lobe and at time points ranging from 10 days to 90 days after

vector instillation.

One additional safety issue which has been studied in rhesus macaques is that of the

potential for spread of recombinant AAV-CFTR from vector-treated individuals who might

subsequently be infected with wild-type AAV2 and adenovirus. In cultured cells

previously transduced with AAV-CFTR recombinants, infectious vector can be "rescued"

when they are infected with wild-type AAV and adenovirus. In order to determine whether

this phenomenon would occur in the complex context of an in vivo infection, we studied

two rhesus monkeys, both of whom were infected with 1x10*0 particles of AAV-CFTR to

the RLL. Ten weeks later these animals were infected intranasally with an adenovirus type

2 host-range mutant (Ad2HR405), which is known to possess AAV2 helper function and
to be able to infect monkey cells in culture, and with wild-type AAV2. Viral cultures were
performed prior to infections and at 3 days, 7 days, 14 days, and 21 days from
bronchoalveolar lavage (BAL) fluid and nasal washings. The results of these studies were
as follows: Ad2HR405 infection was clearly established since adenovirus replication was
detectable in both BAL and nasal wash cultures from the 3 day and 7 day samples, while

none was seen in the pre-treatment fluids. AAV2 replication was also established in one of

the two monkeys at 3 days, but ONLY in the nose. No recombinant AAV-CFTR was
detectable in any fluid at any time point. These data indicate that while rhesus monkeys can

have experimental adenovirus and AAV infections established, the AAV infection remains

localized to the upper respiratory tract, near its normal portal of entry, and does not appear

to spread to the lower tract. Since AAV replication does not occur in the lower tract where
vector is localized, there appears to be little opportunity for in vivo rescue to occur.

4.0 STUDY DESIGN

This will be a single center, phase I, open-label, non-randomized, dose escalation study in

1 6 patients with cystic fibrosis and mild lung disease. Each individual will receive a single

dose of AAV-CFTR vector administered to the nasal epithelium alone or to the nasal

epithelium and the right lower lobe (RLL) of the lung.
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5.0 PATIENT ELIGIBILITY

5.1 Inclusion Criteria

5.1.1 Male or female subjects > 18 years of age.

5.1.2 Mild to moderate lung disease; forced vital capacity > 60% predicted and
Shwachman-Kulczycki score >65.

5.1.3 Sweat chloride > 60 meq/liter

5.1.4 CF genotype: AF508 homozygotes or patients heterozygous for AF508 and
another mutation associated with pancreatic insufficiency.

5.2 Exclusion Criteria

5.2.1 Recent (within the preceding 30 days) hospitalization or home intravenous

antibiotic therapy for a pulmonary exacerbation.

5.2.2 Sputum colonization with Pseudomonas cepacia or another multiply

resistant organism.

5.2.3 Recurrent or intermittent hemoptysis, to include a bout of significant

hemoptysis requiring transfusion or embolization within the past year or

coughing of >30 cc of blood more often than one time per week.

5.2.4 Current participation in any other research protocol involving investigational

drugs or therapies.

5.2.5 Current cigarette smoking.

5.2.6 Pregnancy, nursing mothers, and men or women of reproductive ability

who are unwilling to use effective contraception for the duration of the

active portion of the study. Women of childbearing potential must have a

negative pregnancy test within two weeks prior to entry.

5.2.7 Inability to understand the nature of the study or give informed consent.

6.0 STUDY AGENTS

6.1 Description of the tgAAVCF vector

The tgAAVCF vector is an adeno-associated virus (AAV) based-vector containing the

complete coding region of the CFTR gene. All viral genes have been removed from this

vector. Transduction of cells with this vector results in expression of physiologically active

CFTR protein. The tgAAVCF vector is supplied as a frozen, sterile formulation that is

stored at temperatures below -60’C prior to use. The vector formulation is thawed at 37°C

and diluted as appropriate immediately prior to instillation. The tgAAVCF vector is

produced by Targeted Genetics Corporation (Seattle, Washington).

[
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7.0

INVESTIGATIONAL PLAN

7.1 Entry

Eligible patients will be admitted to the Pediatric Clinical Research Unit, a part of The
Johns Hopkins General Clinical Research Center (GCRC) for 18 days for performance of

the baseline study, vehicle administration, and vector administration protocols, and will be

maintained on respiratory vims precautions (isolation with gown, mask, and gloves)

during the entire period. During their entire inpatient stay, patients will be treated with

intravenous antibiotics and chest physiotherapy (three times daily), in order to optimize

their ability to tolerate multiple bronchoscopies and other procedures. Antibiotic coverage

will consist of two agents selected based on sensitivity studies of the patient's most recent

sputum culture, one of which will generally be an anti-pseudomonal aminoglycoside.

Patients will be screened at admission for infectious adenovirus and infectious AAV and if

either of these agents is isolated, the patient will be released and rescheduled for at least one
month after the infection. Patients will have all current medications, including DNase,
continued during the study, and participation will be postponed if any changes in their

medication regimen have occurred in the 2 weeks preceding the study. Standardization of

DNase dosing schedule with respect to vector instillation will be attempted.

7.2 Study Cohorts

This study will include 8 cohorts of 2 patients each. Vector administration to each cohort

will be staggered by at least one month, and vector administration to patients within each
cohort will be staggered by at least one week to allow for evaluation of acute toxicity. The
dosing schedule for the cohorts is shown below; doses are given as tgAAVCF vector

particles:

Site Group Group Group Group Group Group Group Group

1 2 3 4 5 6 7 8

Nasal 1X10 6 1X10 7 3X10 7 1X10 8 3X10 8 1X10 9 1X10 9 1X10 9

RLL 1X10 7 3X107 1X10 8 3X10 8 1X10 9 3X10 9 1X101°
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7.3 Vehicle and Vector Administration

Protocol Schematic Flow Diagram

Event Time

Admission Day -4

Viral Cultures

Baseline Studies

Vehicle Administration

Vector Administration

(If Viral Culture Negative)

T
Evaluation

I
Evaluation

Viral Cultures

Day 0

Day 3

Day 10

t
Discharge Day 14

Patients will be studied on the day of admission (day -4) to provide baseline data.

Fiberoptic bronchoscopy will be performed on the day of admission for the completion of

the baseline studies (CFTR RNA and protein assays on brushed cells and IL-6 and IL-8

levels in BAL fluid) and for the administration of vehicle to the superior segment of the

RLL. The following four days will serve as the vehicle control period. If the patient's viral

cultures from the nose, blood, urine, and stool are negative for infectious adenovirus and
infectious AAV the patient will then proceed into the vector administration phase of the

study. Intranasal doses of vector or vehicle will be given to the surfaces of the right and left

inferior turbinates by catheter. The investigator will be blinded as to the assignment of

vehicle and vector to individual nostrils to provide for non-biased nasal potential difference

measurements. Endobronchial doses will be administered to the superior segment of the

RLL. The nasal instillation will likely provide the best opportunity to detect vector activity

due to the ease of access for cell samples and the reproducibility of TEPD measurements.

The endobronchial instillation will provide the most relevant toxicity data.

Studies will be performed at 3 days and 10 days post vector instillation. If viral cultures

taken at day 10 are negative, the patient will be discharged without any further interventions

or precautions. If cultures are positive from nose, urine or stool for recombinant AAV-
CFTR vector at this time point, the patients will be instructed as to proper home precautions

and decontamination procedures. AAV is generally transmitted via particles rather than

aerosols and is easily decontaminated with ethanol or bleach. The likelihood of this
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circumstance arising is expected to be quite low, and wili oe carefully studied in the primate

model prior to beginning the clinical protocol. In any case, the environmental risk derived

from the possible spread of AAV-CFTR vectors is likely to be minimal, particularly since

both wild-type AAV and concurrent adenovirus functions are necessary for active

replication.

7.4 Management of Toxicities and Complications

7.4.1 Dose Schedule Modification for Toxicity

If no subject develops a grade 3 toxicity related to the tgAAVCF vector administration at

any dose under study then the highest dose level will be considered to have been tolerated

(Appendix B, common toxicity criteria).

If one of two subjects develops a grade 3 toxicity related to the tgAAVCF vector

administration at a vector dose level below the highest dose, then an additional two subjects

will be evaluated at that dose level. If no more than one of the four subjects develops a

grade 3 toxicity related to tgAAVCF vector administration at a vector dose level below the

highest dose, then the next two patients will be treated at the next highest vector dose level.

If two or more of the four subjects develop a grade 3 toxicity related to tgAAVCF vector

administration at a dose level then the maximum tolerated dose (MTD) has been exceeded
and at least four additional subjects will be evaluated at the next lower vector dose.

The MTD will be defined as the dose level immediately below the dose level at which at

least two subjects develop a grade 3 toxicity related to the tgAAVCF vector administration.

If a subject develops a grade 4 toxicity related to the tgAAVCF vector administration, then

vector administration will be discontinued immediately and the Clinical Affairs Department
at Targeted Genetics Corporation will be notified immediately. The Principal Investigator,

the Institutional Review Board, and Targeted Genetics Corporation will then review the

data to consider whether to interrupt the study.

7.4.2 Constitutional Symptoms

a. Fever, chills, and temperature elevations >101°F may be managed with

acetaminophen 650 mg p.o. q 4-6 hrs. All subjects that develop fever or chills will

have blood and sputum cultures obtained.

b. Hypoxemia, wheezing, or coughing may be managed with supplemental
oxygen, bronchodilator nebulization, or other supportive therapy.

7.5 Premature Discontinuation

Subjects who do not complete the full schedule of vector administration and evaluation will

be considered to have prematurely discontinued the study. The reasons for premature

discontinuation (for example, voluntary withdrawal, toxicity, death) must be recorded on
the case report form. A subject may re-enter the study after premature discontinuation only

by approval of the Principal Investigator. Potential reasons for premature discontinuation

include:

1. Significant exacerbation of pre-existing disease
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2. Grade 3 or 4 toxicity judged to be possibly or probably related to study
therapy, or the development of other unexpected, life-threatening complication not
described.

3. Patient noncompliance with study therapy and/or clinic appointments.

4. Voluntary withdrawal; a patient may remove himself/herself from the study at

any time without prejudice.

5. Termination of the study by the principal investigator, the sponsor, or the

Food and Drug Administration.

8.0 PATIENT EVALUATION

8.1 Schedule of evaluations

Inpatient Schedule

Day -4 0 1 3 10 14

History *

Physical Exam * * * * * *

Nasal Brushing * * * *

BAL * * *

Nasal TEPD * * * *

Chest CT and X-ray *

PFTs * * * * * *

CBC, Coag, Chem * * * * *

Viral Cx (4 sites) * *

Admission *

Vehicle Instillation *

Vector Instillation *

Discharge *

Outpatient Schedule

Day 30 60 90 180 270 365

History * * * * * *

Physical Exam * * * * * *

Nasal Brushing * * * * * *

BAL * * * * * *

Nasal TEPD * * * * * *

Chest CT and X-ray * *

PFTs * * * * * *

CBC, Coag, Chem * * * * *
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8.2

Evaluation of toxicity

The primary indicators of acute and chronic toxicity will be as follows:

8.2.1 A thorough daily clinical assessment during admission by one of the primary

investigators, which will allow detection of and response to any acute compromise
of pulmonary status, respiratory distress, or bronchospasm.

8.2.2 The measurement of pulmonary function, consisting of spirometry and flow-

volume loops, which would allow detection and quantitation of any worsening of

airway obstruction and expiratory outflow limitations.

8.2.3 Measurements of complete blood counts, differential leukocyte counts, prothrombin

time, partial thromboplastin time, serum electrolytes, transaminases, BUN and
creatinine, which would allow detection of any acute reactions resulting in

hemolysis, coagulopathy, renal compromise, or hepatotoxicity.

8.2.4 Bronchoalveolar lavage (BAL) for bacterial culture, special recombinant virus

culture in the principal investigator's laboratory, a direct assessment of the

inflammatory mediators IL-6 and IL-8 by ELISA, and cell counts with differential.

These will allow detection of changes in sputum flora, recombinant or wild-type

viral shedding, and markers of the degree of airway inflammation.

8.2.5 Chest X-ray and CT scanning to define morphological evidence of airway

obstruction (hyperinflated segments or areas of atelectasis) or parenchymal injury.

8.2.6 Anti-AAV, anti-adenovirus, and anti-CFTR antibody studies from serum and BAL
fluid to assess the presence and degree of immunologic reaction to the vector

particles, any residual adenoviral proteins, or presence of novel epitopes derived

from the expressed normal CFTR protein.

8.2.7 Periodic anthropometric/nutritional assessments, as a global indicator of the

patient's health.

8.2.8 Shwachman clinical score as a long-term global assessment of disease severity.

8.2.9 An acute clinical score which has been shown to correlate with changes in

pulmonary function in cystic fibrosis, as a more near-term indicator of global

disease severity.

8.2.10 Although each of the above indicators is primarily designed as a measure of

toxicity, these may also serve as measures of clinical activity, if there were
physiologic correction of the chloride channel defect and improvement in lung

function.

8.3 Environmental Monitoring

Based on a variety of animal data, it appears extremely unlikely that recombinant virus

would be shed to an extent capable of infecting health care providers. Furthermore, patients

will be kept on respiratory virus isolation during the entire inpatient stay. Even so, the

possibility of environmental exposure will be studied. Special viral cultures of nasal

washings, capable of detecting wild-type or recombinant AAV virions, will be performed
to screen all regularly involved health care providers at least four times per year. These
cultures will be performed in the principal investigator's laboratory.
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8.4 Evaluation of Biological Activity

The principal measures of biological activity will be as follows:

8.4. 1 DNA in situ PCR on brushed bronchial epithelial cells, utilizing vector specific

oligonucleotide primers, to evaluate the efficiency of vector DNA transfer. This

assay will quantitate the percentage of cells transduced and the distribution of vector

gene transfer.

8.4.2 RNA-PCR, standard RNA in situ hybridization, RNA in situ PCR, and Northern

blotting to evaluate vector-produced CFTR RNA expression in brushed nasal and
bronchial epithelial cells. RNA-PCR will provide a sensitive indicator of vector

RNA expression, and will be particularly useful in determining the duration of

vector expression. Northern blotting will provide a more quantitative assessment.

RNA in situ hybridization and PCR techniques provide the ability to identify which
cell types within the airway are expressing recombinant CFTR message.

8.4.3 Western blotting, immunohistochemistry and immunofluorescence to evaluate

recombinant human CFTR protein expression. Protein assays will include both

semi-quantitative Western blot for detection of CFTR protein from cell extracts,

while immunostaining techniques allow identification of the cell types which are

expressing recombinant CFTR protein.

8.4.4 Controls for each of these assays will consist of brushed cells from the nose and

bronchus of the same patients to be used as subjects. Control cells will be obtained

on days -4 and 0. Experimental samples will be collected on days 10, 30, 60,

90, 180, 270, and 365. If there is no evidence of CFTR expression in the nose for

any 2 consecutive time points then the remaining assessments will be altered to omit

nasal brushing. If there is no evidence of CFTR expression in the lung for any 2

consecutive time points then the remaining assessments will be altered to omit

fiberoptic bronchoscopy. All of the above studies are available through the Johns

Hopkins CF Gene Therapy Center Expression Core and in the principal

investigator's laboratory.

8.5 Evaluation of Physiologic Activity

The principal measures of physiologic activity will be:

8.5.1 Direct nasal transepithelial potential difference, with baseline measurement taken at

days -4 and 0, and post-vector instillation readings performed on days 3, 10, 30,

60, 90, 180, and 365. Each assessment will consist of both baseline readings and

amiloride responses. The principal investigator and co-investigators have extensive

experience with nasal PD measurement and will be assisted by the clinical core in

the performance of these repetitive measurements;

8.5.2 36q- efflux and SPQ fluorescence of primary cell cultures derived from brushed

nasal and bronchial specimens before and after vector instillation. Demonstration of

cAMP-mediated increase in the rate of chloride efflux will be used as an indicator of

normal CFTR function. The Johns Hopkins Gene Therapy Center tissue culture

and expression core will assist with these repetitive assays. This approach can

readily be applied to both nasal and bronchial epithelial cells obtained by brushing;

8.5.3 Other indicators previously described in the toxicity monitoring section.
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9.0

RISKS AND POTENTIAL BENEFITS

9.1 Risks Related to the AAV-CFTR vector

The risks associated with the use of the AAV-CFTR vector are relatively unknown. The
normal AAV virus is not associated with any diseases or illnesses in humans.

9.1.1 Inflammatory Reactions

It is possible that the vector or vector preparation could trigger acute bronchospasm upon
administration. Application of vector could result in inflammation of the nasal mucosa or

bronchial lining, resulting in pain, bleeding, fever, bronchoconstriction, or scarring; these

events could predispose the subject to secondary bacterial or viral pneumonia. The
administration of vector in a careful dose escalation fashion and anatomical placement in

one nostril and/or one lung lobe potentially limits these effects.

9.1.2 Immune Reactions

It is possible that the vector particles or expression of the normal CFTR gene could lead to

a humoral or cellular immune response directed against cells modified by the vector. This

could lead to destruction of the modified cells, and could affect the response to subsequent

administration ofAAV and/or CFTR vectors.

9.1.3 Virus Replication

The AAV-CFTR vector is completely replication defective and cannot produce any AAV
proteins. The vector could replicate if a modified cell carrying this vector were to be

infected simultaneously with wild type AAV and adenovirus. In the unlikely event that this

were to occur, it is probable that preferential packaging of wild type AAV would out-

compete packaging of vector.

9.1.4 Insertional Mutagenesis

AAV vectors are capable of integration into the host chromosomal DNA, although the

distribution of integration sites in normal non-dividing respiratory epithelium is at the

present unknown. It is possible that integration could result in overexpression of

oncogenes or disruption of tumor suppressor genes, potentially enhancing the risk of

malignant transformation. Enhancement of oncogene expression is unlikely due to the lack

of a strong promoter in the tgAAVCF vector. Disruption of tumor suppressor genes is a

possibility, but both alleles would need to be inactivated for phenotypic changes to occur.

The risk of tumorigenesis as a direct result of vector administration appears to be of low
probability; tumorigenesis mediated by AAV has never been reported.

9.1.5 Environmental Risks

It is possible that the AAV-CFTR vector could be transmitted to another person. As
described in 9.1.3, this appears to be an unlikely possibility. However, the potential for

inteipatient transmission will be minimized by (1) screening patients for active adenovirus

and AAV infections prior to vector administration; (2) maintaining respiratory isolation

throughout the active phase of the study; and (3) using sensitive culture methods to detect

the presence of infectious AAV-CFTR virus following vector administration.
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9.2 Risks Associated with the Study Procedures

9.2.1 Bronchoscopy

Bronchoscopy and intravenous sedation in patients with a history of lung disease carries

the risk of hypoventilation or bronchospasm. Bronchoscopy will be carried out in the

presence of a study doctor and anesthesiologist in a procedures room equipped for

ventilatory assistance. Patients will be monitored for oxygen saturation prior to, during,

and following bronchoscopy. Supplemental oxygen, bronchodilators, or other respiratory

support will be provided as needed. Other complications that could occur include

nosebleeds, fever, hypotension, or hemoptysis.

9.2.2 Risks Judged To Be Minor

Nasal brushing can produce mild discomfort or nosebleeds. Bleeding, bruising, and pain

are well known risks from venipuncture. Chest X-rays and CT scans give rise to risk from
radiation exposure. Three chest X-rays and 3 CT scans are expected during the course of

the study. This radiation dose is equivalent to 1.1 rems to the whole body. This dose is not

thought to be harmful, although the long term risks from very low doses of ionizing

radiation are unknown.

9.3 Potential Benefits

This study is unlikely to directly benefit any patient. Transfer of the AAV-CFTR vector will

be limited to the nasal mucosa and a single lung lobe; this limited application will almost

certainly have no long term clinical benefit to the patient. This study is designed to evaluate

the safety and activity of the AAV-CFTR vector; this information will help guide future

studies that could result in therapeutic benefit to patients with cystic fibrosis.

10.0 ADVERSE EVENT REPORTING

Long-term follow-up after completion of the study will be done with the referring physician

on a yearly basis for the remainder of the patient's life.

10.1 Serious Adverse Events

Serious adverse events occurring during or after completion of therapy are defined as any

one of the following:

1 . Patient death, regardless of cause, occurring within 90 days of study agent

administration

2. Life-threatening event

3. Prolonged hospitalization or requirement for additional hospitalizations during

the treatment and monitoring period

4. Congenital anomaly in offspring conceived after initiation of the study

5. Persistent or significant disability or incapacity

6. Cancer
7. Required significant medical treatment

8. Overdose of study agent

A life-threatening event is defined as the patient, in the view of the Investigator, having

been at immediate risk of death from the reaction as it occurred. It does not include a

reaction that, had it occurred in a more serious form, might have caused death.
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All adverse events that do not meet at least one of the above criteria are defined as non-

serious.

Assessment of the cause of the event has no bearing on the assessment of the event's

severity.

10.2 Unexpected Adverse Events

Unexpected adverse events are those which:

1. Are not previously reported with the tgAAVCF vector as referenced in the

investigator brochure.

2. Are symptomatically and pathophysiologically related to a known toxicity but

differ because of greater severity or specificity.

10.3 Procedure for Reporting Adverse Events

Regulations defining the responsibilities for reporting serious and unexpected adverse

reactions are defined in 21 CFR 312.32. To ensure that Targeted Genetics Corporation is

in compliance with the guidelines, the reporting responsibilities of the investigators are

summarized below:

Serious and unexpected adverse events noted by the Principal Investigators must be

reported immediately by telephone to the attention of:

Tom Reynolds, M.D., Ph.D.

(206) 521-7812 After hours (206) 623-76 1

2

or

Tamie Malaska, M.S.

(206) 521-7822 After hours (206) 623-7612

The Principal Investigators must also notify the Joint Committee on Clinical Investigation

(JCCI) at (410)955-3008. It is also the responsibility of the investigators to notify the

Recombinant DNA Advisory Committee of all serious and unexpected adverse events.

The immediate telephone report must be followed by a detailed written report within 3

working days. The report must include the date and time of onset, severity and duration of

the event, the relationship to the study drug, the treatment given, and the eventual outcome.

Appropriate clinical, diagnostic, and laboratory measures to attempt to delineate the cause

of the adverse reaction in question must be performed and the results reported. All tests that

reveal an abnormality considered to be drug-related will be repeated at appropriate intervals

until the course is determined or a return to normal values occurs.

All adverse events will be recorded on case report forms provided by the Sponsor.

Information will be recorded as noted above.
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11.0

STATISTICAL CONSIDERATIONS

This is a Phase I study of an AAV-CFTR vector administered to subjects with cystic

fibrosis. Demographic and background characteristics obtained at enrollment will be listed

and summarized.

The MTD of tgAAVCF vector administered as a single instillation to the nose and/or lung
lobe will be identified, or the highest dose level will be declared less than the MTD, as

described in Section 7.4.1. The type and grade of toxicides noted during therapy will be
summarized for each dose level. All adverse events noted by the investigator will be
tabulated according to the affected body system.

Descriptive statisdcs will be used to summarize changes from baseline in the measured
parameters (Section 8) for each dose cohort.

12.0 ADMINISTRATIVE CONSIDERATIONS

12.1 Institutional Review Board

In accordance with federal regulations (21 CFR 312.66), an Institutional Review Board
(IRB) that complies with regulations in 21 CFR 56 must review and approve this protocol

and the informed consent form prior to initiation of the study. The Investigator will submit

to the Sponsor a list of the names, occupations, and affiliations of the members of the IRB.
No supplies will be shipped until the IRB has given its approval and the Sponsor has been
notified of this fact in writing.

12.2 Consent

The Principal Investigator or his associate must explain verbally and in writing the nature,

duration, and purpose of the study and possible consequences of treatment. Patients must
also be informed that they may withdraw from the study at any time and for any reason

without jeopardizing their future treatment. In accordance with federal regulations (21 CFR
3 12), all patients must sign the IRB-approved consent form in the presence of a witness.

Prior to the start of the study, a copy of the IRB-approved consent form must be submitted

to the Sponsor.

12.3 Study Records

The Sponsor will provide the Investigator with records of drug shipments, case report

forms designed to collect the data specified for each individual, and other forms as

necessary.

The Investigator and/or institution is required:

1. To prepare and maintain these forms in accordance with federal regulations (set

forth in the statement of investigator form FDA 1572) and to sign, date, and return

them to the Sponsor.

2. To return all unused study drug supplies to the Sponsor at the conclusion of this

study.

3. To maintain a record of drug disposition and the case report forms for a period of

two years following the date a Product License Application is approved for the drug

indication described in this protocol. If the application is not approved, records
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must be maintained for 2 years after the investigation was discontinued. The
Sponsor will notify the Investigator when records are no longer required.

Upon the request of authorized Targeted Genetics or FDA personnel, the Investigator will

make available for inspection source documents, e.g., records of each subject who
participates in this study, pharmacy records, etc. This information will be treated as

confidential.

12.4 Monitoring

The Investigator will be contacted by the sponsor at periodic intervals by telephone or visit

to assess the progress of the study. Case report forms and subject records will be reviewed

at on-site visits in an effort to verify and achieve completeness of all entries. The status of

drug storage, dispensing, and accountability will also be assessed.

12.5 Information Materials

Before the study begins, the Investigator will have received an Investigator Brochure

describing all known contraindications, warnings, precautions, and adverse reactions

associated with the administration of the study drug. If such information is revised while

the study is in progress, the latest revision will also be sent to the Investigator at that time

who will inform the IRB of any relevant new information.

12.6 Termination of Study

Targeted Genetics Corporation reserves the right to terminate this study at any time. The
Principal Investigator or the FDA may also terminate the study. If the study is terminated

prior to scheduled completion, the Investigator will be notified and given any necessary

instructions concerning final examinations that are required.

12.7 Use of Information

The information provided in support of or generated as a result of this study is confidential.

Any use or reproduction thereof, including but not limited to publications or presentations

by the Investigator or his associates, must be submitted to Targeted Genetics Corporation

for review and approval prior to publication or presentation in any form. Such review will

be completed within 30 days of receipt.

All personal information pertaining to patients in this study and in any subsequent reports

will be kept confidential. Patients will identified only by their initials and by a patient

number. It is the responsibility of the Investigator, therefore, to keep a patient listing for

cross-referencing.

All information not previously published concerning the tgAAVCF vector and Targeted

Genetics Corporation operations, such as patent applications, formulas, manufacturing

processes, basic scientific data, and formulation information supplied by Targeted Genetics

to the Investigator is considered confidential and shall remain the sole property of Targeted

Genetics. The Investigator agrees to use this information only to accomplish this study and

not for other purposes without written consent.

It is understood by the Investigator that the information developed in this clinical study will

be used by the Sponsor in connection with the development of AAV-CFTR vectors and,

therefore, may be disclosed as required to other clinical investigators, to the United States

Food and Drug Administration, and to other government agencies.
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To allow the use of the information derived from this clinical study, the Investigator agrees

to provide Targeted Genetics with complete test results required in the case report form and
all data developed in the study.

The Sponsor reserves the right to review and approve any proposed publication or abstract

prior to submission for presentation or publication. Such review will be completed within

30 days of receipt. All publications must acknowledge the sponsorship of Targeted

Genetics Corporation.

12.8 Drug Inventory Records

Targeted Genetics Corporation will ship to the Investigator vials of tgAAVCF which will

be stored in the pharmacy or a locked area. The Investigator, or a responsible party

(research pharmacist or other) designated by the Investigator, must maintain an inventory

record of drug received and dispensed. Targeted Genetics will provide forms to facilitate

the inventory control. These forms must be used unless the Investigator has previously

established a system which is adequate to comply with FDA regulations and is approved by
Targeted Genetics. The study drug must be dispensed only by the institution(s) specified

on the FDA form 1572.

12.9 Disposition of Unused Drug Supplies

Upon completion or termination of the study, all unopened drug is to be returned to

Targeted Genetics Corporation in the original containers. Residual solutions may be

discarded after use. Returned drug should be shipped to the following address:

Director of Development
Targeted Genetics Corporation

1 100 Olive Way, Suite 100

Seattle WA 98101

12.10 Final Report

The Investigator or associate must submit a final report to Targeted Genetics Corporation.

This report will be submitted within 90 days of the last patient's completion of the study.

The case report forms will be completed at the site and submitted to Targeted Genetics in a

timely fashion.

12.11 Amendments to the Protocol

Once the protocol has been approved by the IRB, neither the Investigator nor the Sponsor

will modify this protocol without obtaining the prior concurrence of the other. The party

initiating the modification will confirm it in writing. Amendments to the protocol should be

so documented under "Amendment #" on the title page of the protocol. Each amendment
must be dated. The investigator must obtain IRB approval of the protocol amendment and

the sponsor must submit the modifications to the Food and Drug Administration prior to

implementation. The Investigator will also submit protocol modifications to the

Recombinant DNA Advisory Committee.

12.12 Case Report Form Completion

A case report form is provided for each study patient or subject. All forms must be filled

out in black ink or typed. The Investigator will sign and date individual pages as indicated.
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Correction of data on the case report form will be made in a manner that leaves the previous

entry identifiable. Each correction must indicate the individual making the correction and

the date of the correction.

Completed case report forms will be submitted to the Sponsor as directed by the study

monitor. Case report forms will be reviewed by the monitor, who will decide as to their

acceptability.

If possible, data will be electronically transferred to Targeted Genetics Corporation. When
certain data are not available via electronic methods, Case Report Form pages will be

provided for each study patient.

12.13 Pre-Investigational Documents

Prior to initiation of the study, the Investigator will supply the Sponsor with the following:

1) The original signed FDA Form 1572

2) Principal Investigator and Co-Investigator(s) curricula vitae

3) IRB-approved consent form

4) A copy of the Institutional Review Board approval

5) The name and address of the IRB
6) A list of ERB members, including their occupations and affiliations

7) Evidence of laboratory certification and the name and address of the laboratory

8) A list of laboratory normal ranges

9) Signed Investigator Agreement
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Vector Sequence

7.1.1 Overall Structure of the tgAAVCF Vector

The tgAAVCF vector is diagrammed below in Figure 7.1.1. The vector consists of the left-

hand AAV2 ITR; a full length human CFTR cDNA; a synthetic polyadenylation sequence

based on the mouse B-globin polyadenylation sequence; AAV2 sequences downstream of the

cap coding sequence; and the right-hand AAV2 ITR. The vector is propagated in bacteria using

the bla and ori regions of pBR322. Derivation of the construct is described in section 7.1.3;

sequence of the construct is provided in Appendix 7.2.

Figure 7.1.1

tgAAVCF vector

pBR322

'T O
Q.

CFTR
cDNA

RNA start at nucleotide 128 of ITR 1

Translation start at nucleotide 133 of CFTR cDNA
Translation termination at nucleotide 4573 of CFTR cDNA
Polyadenylation signal in synthetic poly A site nucleotide 8

Plasmid backbone is pBR322 based containing Amp^ and ori
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7.1.2 Regulatory Elements of the tgAAVCF Vector

The left-hand and right-hand inverted terminal repeats (ITRs) are derived from the AAV2 virus.

These 145 base sequences contain internal palindromes that are thought to exist in a T-shaped

hairpin structure*. The ITR sequences are required in cis for viral DNA replication, rescue,

integration, and encapsidation^. The ITR also contains several regions that correspond to SP1

binding sites^-S, as well as a sequence that is highly similar to the Inr sequence found at

eukaryotic transcriptional initiation sites^-S. These sequences are likely to be responsible for

the finding that the AAV ITR can function as a transcriptional promoter^. The tgAAVCF
vector utilizes the promoter activity of the ITR to drive expression of the CFTR cDNA. The
polyadenylation site is provided by a synthetic sequence based on the mouse 6-globin

polyadenylation sequence *0.

7.1.3 Construction of the tgAAVCF Vector

The tgAAVCF vector is based on SA313, an AAV vector driving CFTR expression from the

AAV p5 promoter^. The sequence of the CFTR cDNA in this construct has several differences

from that described in Genbank (Accession number M28668* *). First, there are 3 clustered

silent mutations that were introduced to allow propagation in a bacterial host *2 (T->C at 930;

A->G at 933; T->C at 936). Second, there is an A->C change at nucleotide 1990 leading to a

N->H amino acid change. This was found to be an inadvertent error in the original sequence

(L.-C. Tsui, personal communication). Finally, there is a G->A change at position 4555,

resulting in a V->M amino acid change *3. This change is a cloning artifact, but has been
shown not to effect CFTR function as judged by electrophysiologic assays.

The AAV sequences in this construct also were found to have changes relative to the accepted

AAV2 sequence*. First, there is a T->G change at nucleotide number 2 in the left-hand ITR.

Second, there was a deletion of the terminal 8 bases from the right-hand ITR. These changes

do not appear to grossly effect replication, encapsidation, or transduction with this vector.

A cloning strategy was devised to 1) correct the V->M mutation in the CFTR cDNA; 2) correct

the mutation and deletion found in the AAV ITR sequences; and 3) remove the AAV p5
promoter to allow transcription from the ITR and reduce the size of the vector to slightly larger

than wild-type AAV.

All constructions were performed using standard molecular biology techniques. Cloning steps

were verified by restriction digest analysis, and where appropriate, DNA sequencing.

Oligonucleotides were provided by Immunex Corporation.

Correction of the V->M mutation in the CFTR cDNA was accomplished as illustrated in figure

7.1.2. pSA313 was digested with Nco I and Stu I to release an approximately 450 bp fragment

of 3' CFTR sequence containing the mutation. The plasmid BA-CFTR Afl III stop (kindly

provided by M. Drumm), containing the correct 3' CFTR cDNA, was digested with Nco I and
Hinc II and a 419 bp fragment isolated. These were ligated together to yield the plasmid p5CF.

Removal of the AAV p5 promoter was accomplished in 3 steps (figures 7. 1.3-7. 1.5). A 934
bp Aat II - Xba I fragment encompassing the left-hand ITR, p5 promoter, and 5' CFTR
sequence was isolated and cloned into Aat II/Xba I digested pUC 19 to yield pUCAX. A 523
bp Ava I/Xba I fragment containing the 5' end of the CFTR cDNA, including the initiator

codon was isolated from 6ACFTRBQ (kindly provided by M. Drumm), and cloning into Ava
I/Xba I digested pUC19 to yield pAVX.

Recombinant DNA Research, Volume 20 [139]



Complementary oligonucleotides encompassing the 3' end of the left-hand ITR and 5' end of
the CFTR cDNA were designed to "bridge" this region and allow for removal of the p5
promoter region. Oligonucleotide sequences CFEAV-F and CFEAV-R are shown below:

5 ' -GGCCACTCCATCACTAGGGGTTCCTCTCGAGC
3 ' -TGAGGTAGTGATCCCCAAGGAGAGCTCGGGCT

A 339 bp Aat I3/Eae I fragment containing the 5' end of the left-hand ITR was isolated from
pUCAX. pAVX was digested with Aat II and Ava I and a three-way ligation performed with

annealed oligonucleotide, Aat II/Eae I fragment, and pAVX backbone to yield pDCF,
containing an ITR-CFTR junction without the AAV p5 promoter.

Correction of the single nucleotide change in the left-hand ITR is diagrammed in figure 7.1.6.

Complementary oligonucleotides encompassing the 5' end of the left-hand ITR were
synthesized. Oligonucleotide sequences CFAAB-F and CFAAB-R are shown below:

5 ' -CAGATCTTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGCCC
3 ' -TGCAGTCTAGAAACCGGTGAGGGAGAGACGCGCGAGCGAGCGAGTGACTCCGGC

A 630 bp Bgl I/Xba I fragment containing the 3' end of the left-hand ITR was isolated from
pDCF. pUC19 was digested with Aat II and Xba I, and a three-way ligation performed with

annealed oligonucleotide, Bgl I/Xba I fragment, and the pUC19 backbone to yield pi5CF,

containing the corrected left-hand ITR and ITR-CFTR junction.

Correction of the 8 base deletion in the right-hand ITR was performed in two steps (figures

7.1 .7 and 7. 1 .8). A 632 bp Nde I/Sac I fragment encompassing a portion of the

polyadenylation sequence and the right-hand ITR was isolated and subcloned into pUC19
digested with Nde I and Sac I to yield pUCNS. Complementary oligonucleotides

encompassing the 3' end of the right-hand ITR were synthesized. Oligonucleotide sequences

CFBN-F and CFBN-R are shown below:

5 ' -CGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCTTAGATCTCA
3 ' -CCCGCCGGAGTCACTCGCTCGCTCGCGCGTCTCTCCCTCACCGGAATCTAGAGTAT

A 180 bp Sac I/Bgl I fragment containing the polyadenylation sequence and the 5* end of the

right-hand ITR was isolated from pUCNS. p5CF was digested with Sac I and Nde I, and a

three-way ligation performed with annealed oligonucleotide, Sac I/Bgl I fragment, and the

p5CF backbone to yield pi3CF, containing the corrected right-hand ITR.

The final vector containing all changes was constructed as diagrammed in figure 7.1.9. A 680

bp Aat II/Xba I fragment containing the left-hand ITR and 5' end of the CFTR cDNA was
isolated from pi5CF. pi3CF was digested with Aat II and Xba I, and the -6200 bp backbone

fragment containing the remainder of the CFTR cDNA, polyadenylation sequence, and right-

hand ITR isolated. These fragments were ligated to produce the final plasmid, tgAAVCFpBR.
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Form C (Revised 6/93)

CLINICAL INVESTIGATION CONSENT FORM

The Johns Hopkins Medical Institutions

(The Johns Hopkins Hospital

The Francis Scott Key Medical Center, etc.)

Title of Research Project:
Phase I study of Administration of
Adeno-associated Virus-CFTR Vector
to Patients with Cystic Fibrosis

Informed Consenl

Patient I.D. Plate

Explanation of Research Project to Subject:

PURPOSE OF THE STUDY : You have a disease, cystic fibrosis (CF) , that is

caused by a defect in a gene called CFTR. Genes are blueprints made of DNA
that are present in each cell of your body. These blueprints are instructions
that tell the cell how to make proteins, which carry out the work of each
cell. In the case of CF, the CFTR gene has the wrong instructions and tells
the lung cells to make a CFTR protein that does not work properly. We are
doing a research study to find out if we can replace this defective gene with
one that has the right instructions. The purpose of the study is to place an
experimental gene into a CF patient's nose and lung to find out if there are
any problems when the working gene is given to patients. The gene is put into
the nose and lung using a virus called AAV. We wish to find out if giving the
gene in this virus will cause the nose and lung cells to make CFTR protein. We
do not think vour health will improve if vou join this study. This is the
first time that the CFTR gene will be given to people using the AAV virus. You
are being asked to join this gene transfer research study because you have CF

.

PROCEDURES : If you agree to join this study, the following procedures will be
done. First, you will have a complete medical examination. This will include
tests of your blood, urine, sputum, and your lung function. These are tests
that are similar to those you have had in the past in the Cystic Fibrosis
Clinic. If the results of the tests show that you are in good health and that
your lungs are working reasonably well, you may continue with the study.

l

•

The gene transfer part of the study will last about 18 days. During that time
you will be admitted to the hospital and stay at the Pediatric Clinical
Research Unit. When you are admitted to the hospital, blood will be drawn
from a vein for laboratory studies. We will take about 2 tablespoons of blood.
You will have a chest X-ray, a chest CT scan, and lung function tests
performed.

After the tests are done, you will then be taken to a special procedures room
and put to sleep. This will be done by giving you drugs in a vein along with a
drug to produce numbness in your throat. This will allow us to examine your
nose and lungs. We will take samples of nasal mucous and will use a small
brush to scrape cells from the lining of your nose for tests. We will measure
the voltage difference across the lining of your nose. This is done by placing
a small needle under the skin of your forearm and a small flexible plastic
tube filled with salt water against the lining of the nose. After taking
measurements, a few drops of a drug called amiloride will be dripped onto the
lining of the nose and the test will be repeated. We have done this voltage
measurements on many CF patients. Finally, we will place several drops of a

salt solution in your nose. This will be done to help us compare what happens
when we give salt solution and what happens when we give the experimental
gene

.

After we examine your nose, we will slide a very thin flexible lighted tube,
called a bronchoscope, through your mouth and throat. The tube will be put
down into your right lung. We will use it to collect samples of your lung
cells and lung fluids for studies. We will measure the voltage across the
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lining of the airway (called the bronchial tube) in the same way we measured
the voltage in your nose. We will place about one-half of a teaspoon of salt
solution in the right lung. These procedures take about 60-90 minutes. We will
be with you as you wake up. You may need extra oxygen as you wake up. In order
to keep your lungs as healthy as possible during your stay in the hospital,
you will receive antibiotics by a needle in a vein. You will also continue to
receive chest physical therapy, just as you would if you had been admitted for
pneumonia

.

When you are awake after the lung and blood studies you will be allowed to
return to your room. We will test the samples we took from your blood, nose
mucus, lung fluid, and stool to find out if you have one of several human
"cold" viruses. It takes about 3 or 4 days before we have the results of
these tests. If the tests show that you have a cold virus, we will discharge
you from the hospital and you would not receive the gene transfer. We would
ask you to return to the hospital one month later and have to do the tests for
cold viruses again to see if we can give you the CFTR gene using the AAV
virus

.

If the tests show that you do not have cold viruses, we will take more blood
for new tests. We will repeat the nose and lung examinations while you are
asleep This time, though, we would not put a salt solution in your nose and
lung. Instead, we will place a small amount of the altered virus that contains
the working gene into your nose and lung. The virus that we will use is called
AAV. It is a human virus that normally enters the lung, but is not known to
cause any disease. The AAV virus we will put into you has been changed
(altered) to make sure it cannot multiply itself. We have added the working CF
gene to this altered AAV virus.

We have studied the altered AAV virus in the laboratory and in animals. Our
studies in the laboratory and in animals make us think that it is safe to give
to people. We think the altered AAV virus with the working CFTR gene will help
CF patients make the protein needed to clear mucous from their lungs. This
appears to happen in animals, but we do not know if this will work the same
way in people.

After the altered virus is added to your nose and lung, you will stay in the
hospital for two weeks. During this time, you will be required to stay in
respiratory isolation so that no one else can possibly be exposed to the
altered virus. You will need to stay in your room and visitors will be
required to wear masks, gloves, and gowns when they visit you. You will be
able to continue to use your usual medicines and treatments while you are in
the hospital. You will not be able to take any experimental drugs while you
are in the hospital.

We plan to perform a minimum of 4 and a maximum of 9 bronchoscopy examinations
on you as part of this study. There will be one bronchoscopy 4 days before you
receive the altered virus. We will give you the altered virus with the
bronchoscope. After you receive the altered virus, there will be up to 7

bronchoscopies over the following year, at 10, 30, 60, 90, 180, 270, and 365

days. If we cannot find signs of the altered virus in your lungs on two
successive bronchoscopies, we will not do any further bronchoscopies or nasal
voltage tests. We will continue the other planned tests. We will also do other
studies 1, 3, 10, and 14 days after we give you the altered virus. On these
study days, you will have more blood drawn for tests, have lung function
tests, and we will examine your nose and lungs. These are the same tests you
had before you received altered virus. Not all of the tests will be done on
each study day.
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You will be discharged from the hospital 14 days after you receive the altered
virus. Before you go home, we will again test your blood, nose mucus, lung
fluid, and stool. We must check to see if we can find the altered virus
because we do not want you to spread this virus to other people. We do not
expect to find altered virus in these tests. If we do find it, we will teach
you how to protect others from being infected with the altered virus.

After you go home, you will have to come back to the Cystic Fibrosis Clinic
for testing. You must make six special visits (at 30, 60, 90, 180, 270, and
365 days) after you have been given the altered virus. We will do tests each
time you come to the clinic. We must check to find out if the altered virus is
safe and will try to find out how it affects your disease. We will perform
another chest X-ray and chest CT scan 90 days and 270 days after you get the
altered virus. After one year from the date you go home, we will plan to
continue to see you at least once a year when you come for your regular CF
clinic visits. If you move, you should provide us with your new address. If we
cannot find signs of the altered virus in your lungs on two successive
bronchoscopies, we will not do any further bronchoscopies or nasal voltage
tests. We will continue the other planned tests.

RISKS AND DISCOMFORTS : We do not know what risks there are when people are
given the altered AAV virus with the CFTR gene. Normally, the AAV virus does
not make people sick, but we do not know what the altered virus will do. Since
we do not know what the virus will do, women who are of childbearing age must
not be pregnant while in this study. Any woman of childbearing age who joins
the project must have a pregnancy test before they are enrolled. Both men and
women that join this study must agree to use effective contraception during
the study, as we do not know what the altered virus could do to a developing
baby.

One of the possible risks from having the virus put into your nose and lung is
that it could cause wheezing or coughing. If this happens, it could make it
difficult for you to breathe. The bronchoscopy procedures could also make it
difficult for you to breathe. If this happens, we will be able to treat you by
using oxygen, or with breathing treatments (such as bronchodi lator
nebulizations similar to what you have had in the past) . If necessary, we
would use other equipment to help you breathe.

The altered virus may cause you to have problems that are like a cold, may
produce asthma, or could produce pneumonia. You could have pain or bleeding
from your lung or nose. Since you already have some problems with your lungs
because of CF, cold-like symptoms that you might get from the altered virus
could make you sick for a long time. Our studies in animals show that this is
not likely to happen.

There is a very small chance that the altered virus could damage the DNA in
the cells of your lung and nose. If this happened, and we do not think this is
likely, it could put you at a risk for developing cancer in the future. In
animal studies to date, we have not seen the development of cancer and,
therefore, we think the chance that cancer would develop is very small.

It is possible that the altered virus could interact with other viruses with
which you come in contact (like cold viruses). If this happened, the altered
virus might form a new virus that produces new side effects. We do not think
this will happen, but cannot be sure it will not happen.
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Other major risks of the study are produced by the drugs used to put you to
sleep for the bronchoscopy and from the bronchoscopy procedure you will have.
Patients with a history of lung disease can have problems caused by the drugs
used to put you to sleep. You could have a drop in your oxygen levels, or
experience wheezing or coughing. There is a chance that the drugs could stop
your breathing. If this happened, we would have to pass a tube through your
mouth into your windpipe to help you to breathe. You might need some extra
oxygen if you have problems after we put you to sleep. If you had breathing
problems after the bronchoscopy procedure, we do not expect that they would
last long. They should get better when the drugs begin to wear off. We will
watch you carefully during this time.

Other side effects you could have would be nosebleeds, fevers, drops in blood
pressure, or bleeding from the lung. Nosebleeds can be caused by nasal
brushing or when we do the nasal voltage measurements. All of the study
procedures and measurements will be performed by doctors who have experience
with the procedures and measurements will be performed by doctors who have
experience with the procedures and who put patients to sleep for these
procedures. If they decide that you are having side effects that cannot be
managed easily, they will stop doing the measurements or procedures. The
insertion of a needle into your veins to collect the blood we need for testing
may cause temporary pain, bleeding or a bruise at the site.

You will receive three chest X-rays and three chest CT studies. The radiation
exposure you will receive from the study is equivalent to an exposure of 1.1
rems to your whole body. Naturally occurring radiation (cosmic radiation,
radon, etc.) produces whole body radiation exposures of about 0.3 rem per
year. Occupationally exposed individuals are permitted to receive whole body
exposures of 5 rems per year.

We believe that receiving the altered AAV-CFTR virus will not hurt you. There
is always the possibility that cystic fibrosis patients may die of their
disease or from other causes. If you should die either during or after you
participate in this study, we will ask your family for permission for an
autopsy. This would allow us to find out how the altered gene affected you and
such information might help future patients. You and your family do not have
to agree to allow an autopsy to be done in order to join the study.

BENEFITS : We do not think vour heath will improve if vou -join this study .

Therefore, you will not benefit personally from being part of this first study
of AAV-CFTR gene transfer. The use of the altered AAV virus carrying the CFTR
gene WILL NOT CURE your cystic fibrosis. We hope, however, that the results of
this study will give us information to use in the next step of developing gene
transfer to try to help cystic fibrosis patients be cured of the disease.

NEW INFORMATION: Any new information generated during the course of this study
that might affect your continued participation will be given to you by your
doctors. This includes new information about the procedures used, the virus,
or physical reactions other patients in the study have had.

COSTS AND PAYMENTS : The eighteen day hospital stay will be free of charge.
Neither you nor your insurance company will be charged for any tests or
procedures in the research study. We will provide $50 for each research study
clinic visit you must make after you are discharged from the hospital and will
also give you free parking for these visits. There is no other financial
compensation for participation. If you suffer an adverse effect that requires
medical treatment, you will be treated for this problem. However, The Johns
Hopkins University, The Johns Hopkins Hospital, Targeted Genetics Corporation,
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and the Federal Government do not have any other financial compensation
program should you suffer adverse effects from this research project.

ALTERNATIVES TO PARTICIPATION: If you decide not to join this gene transfer
research study, your care in the Cystic Fibrosis center will not be affected
in any way. You can quit the study at any time. If you decide not to stay in
the research study, you will still receive your medical care at the Cystic
Fibrosis center. If you decide not to join the study, it will not affect you
ability to enroll in future research studies of either gene transfer or other
treatments

.

OTHER INFORMATION : The principal investigator, the Food and Drug
Administration, or Targeted Genetics Corporation has the right to terminate
this study at any time. They will inform you if a decision is made to stop the
study. It is possible that newspaper and TV reporters will be interested in
this study. You, or your family, may be asked if you would like to speak to
reporters about the study. You may decide that you do or do not want to talk
to reporters about your participation.
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Page Six

If you sign this form, you are willing to Join the research project described to you on the other side of'

this page. Your doctors, or the Investigators, did explain the other kinds of treatment that are available to

you and to others. You should ask the principal Investigator listed below any questions you may have about

this research study. You may ask him/her questions in the future If you do not understand something that Is

being done. The Investigators (or doctors) will share with you any new findings that may develop while you

are participating In this study.

The records from this research study will be kept confidential and will not be given to anyone who Is

not helping on this study, unless you agree to have the records given out. If the study uses a new drug or

device that Is under the Jurisdiction of the Food and Drug Administration (FDA), the FDA government

officials may look at the relevant part of your medical records as part of their Job to review new drug and

device studies.

If you want to talk to anyone about this research study because you think you have not been treated

fairly, or think you have been hurt by Joining the study, or you have any other questions about the study,

you should call the principal investigator. Dr. Terence riotte at

955-2035 or call the Office of the Joint Committee on Clinical Investigation at 955*3008 or call The
Frands Scott Key Medical Center Institutional Review Board for Human Research at 550*1853. Hither the

investigator or the people in the Committee office or IRB office will answer your questions and/or help you

to find medical care for an Injury you fee! you have suffered. The Johns Hopkins University, The Johns

Hopkins Hospital, The Frands Scott Key Medical Center. Targeted Genetic a Coro. and the Federal

Government do not have any program to provide compensation to you if you experience injury or other bad

effects which are not the fault of the investigators.

You may withdraw from the research study at any time. Even If you do not want to Join the study, or

If you withdraw from It, you will still have the same quality of medical care available to you at Johns Hopkins

or the Frands Scott Key Medical Center.

If you agree to Join this study, please sign your name below.

NOT VALID WITHOUT THE
COMMITTEE OR IRB STAMP

OF CERTIFICATION

VOID ONE
RPN NO. _

A^OVE DATE

Subjact'a signature

(Including children, when appOcabla)

Signature of Parent or Guardian applicable]

Wftrvau to Conaant Procaiduria.
"

Signature of IrrreaOgator or Approved DadgnM

Daw

'Optfanal wlm wt|M( la tttarata. *r »n*Ua t* alga.

NOTE: Signed copies of this consent form mutt be a) retained on file by the Prindpal Investigator, b) deposited In the

patient's medical record; and c) given to the patient.

(
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PATIENT BROCHURE

INFORMATION FOR PATIENTS AND FAMILIES
CONCERNING THE AAV-CYSTIC FIBROSIS GENE

TRANSFER STUDY AT JOHNS HOPKINS

THE BACKGROUND OF CYSTIC FIBROSIS AND THE PURPOSE OF THE STUDY

Cystic fibrosis (CF), is caused by defects in a gene called CFTR. Abnormalities of this

gene are fairly common in Caucasian Americans and North Europeans. If someone is bom
with two abnormal copies of the CFTR gene (one from the mother and one from the

father), that person will inherit the disease CF. The CFTR gene produces a protein that

functions in the pumping of water and salt across mucous membranes in the nose, the

bronchial tubes of the lungs, the sweat glands, the pancreas, and the reproductive tract.

Persons with CF will often have problems in each of these areas. The sinuses are often

blocked and infected. The lungs become plugged up with thick mucus and get infected.

The sweat is more salty. The pancreas often does not work correctly, so that supplemental

enzyme capsules may be needed for complete digestion of the food. Men with CF are

usually sterile, and women may have mildly decreased fertility. There are simple ways to

address many of these problems, including replacing pancreatic enzymes and taking in

more salt and water to replace losses in the sweat. The lung disease due to CF remains a

very significant problem for CF patients, despite advances such as antibiotics and better

medicines to clear the lungs of abnormal mucus.

Ever since the CFTR gene was discovered, scientists have been working to find ways to

insert a normal version of the CFTR gene into lung cells, in the hope that the normal gene
would correct the basic defect and allow for the production of normal lung mucus, which
would no longer create obstruction and lead to infection. Scientists have used a number of

gene carriers, called "vectors", to try to get the gene into the cells. Several of these vectors

are derived from viruses which normally infect the cells of the nose and lung. These
viruses have "learned" special means of inserting genes into cells. Several studies have
focused on the development of adenovirus, a type of "cold" virus, as a delivery vehicle for

the CFTR gene. These studies have had some success, but are limited by two factors.

First, they are only temporary in that the genes are not permanently inserted into the

chromosomes of the cell. Second, they have caused some inflammation in the lungs of

animals and patients with CF when given at high doses.

Over the last 5 or 6 years, the Cystic Fibrosis Research Center at Johns Hopkins
University and the National Institutes of Health have collaborated with researchers at

Targeted Genetics Corporation to develop an alternative vector based on a virus called

AAV, which is naturally found in the nose and lung, but which does not cause disease.

Unlike adenoviruses, AAV tends to be more long-lasting in its effects. Our group has

tested altered versions of AAV which have had the virus genes removed and a normal
version of the CFTR gene added. The altered virus has been able to insert the CFTR gene
into cells in culture and into the lungs of animals (see Diagram 1). In the test tube, cells

taken from the nose or lungs of CF patients have been corrected in terms of their ability to

pump salt and water. In animals, the gene insertion has been long-lasting (up to 6
months), and has not caused significant side effects.
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The purpose of this study is to determine if there are side effects from administering this

virus (AAV-CFTR) carrying a normal copy of the CFTR gene to the nose and lungs of
adult patients with CF. Although this genetically engineered virus is designed to

supplement the gene that is defective in lung cells of CF patients, this is not expected to be
a one-time cure for CF. and no medical benefit is expected for the subjects in this initial

trial .

WHAT IS KNOWN ABOUT THE AAV VIRUS?

The virus that is being used as a carrier for the normal CFTR gene is called adeno-
associated virus or AAV. This is a naturally occurring human virus which is fairly

common, with about 2/3 of adults having been exposed at some time in their lives. It

probably enters the body through the nose and mouth, but unlike most other viruses, AAV
does not cause an illness. In fact, it usually requires another "helper" virus to multiply

itself. When AAV infects cells by itself it tends to go "latent", by silently inserting its DNA
into the DNA of the host cell. It may remain dormant there for years, but can later re-

emerge if the host cell is infected with a helper virus. In the latent stage, AAV does not

appear to harm the host cell at all. When it is present with the helper virus, it does not alter

the helper virus infection in any way.

Because of AAV's unique properties, being a harmless virus that is designed to insert its

DNA into host cells, scientists have been working to devise a way to use AAV to insert

other genes into cells. In the current study, AAV-DNA has been altered so that it will carry

along a normal, functioning version of the CFTR gene into cells of the nose and lung.

AAV viruses altered in this way have been tested extensively in cells in culture, and in

experimental animals. In those settings, the altered AAV carrying the CFTR gene will, in

fact, insert the CFTR DNA into the target cells. If this can be successfully done with cells

in the nose and lung of CF patients, we would hope that we could correct the functioning

of those cells, and possibly treat or prevent illness due to the disease.

Since this AAV virus has been altered, however, it is not entirely clear whether it will still

be as harmless as the naturally-occurring virus. It is possible that the removal of some of

AAV's own DNA could affect the safety of the procedure or alter the way the AAV DNA
interacts with the host cell DNA. It is also possible that patients possess antibodies of AAV
from previous exposures which could decrease the effectiveness of the altered AAV virus

or lead to adverse reactions.

WHICH PATIENTS CAN PARTICIPATE IN THE STUDY?

Adult persons over the age of 18 with diagnosed cystic fibrosis and certain abnormalities in

their CFTR gene will be considered for this study. Patients will be eligible if they meet

ALL the following criteria. Patients must:

1) have relatively mild lung disease;

2) be able to understand what is required to take part in the study, and be able to

understand the risks and potential benefits of being part of the study;

3) be willing to use effective contraception for the one year duration of the study;

4) NOT be pregnant or breast feeding;
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5) NOT have been treated with antibiotics by vein or have been hospitalized during the

preceding 30 days for treatment of their lung disease
;

6) NOT have certain types of bacteria that are difficult to treat with antibiotics growing in

their sputum;

7) NOT have had recent coughing up of blood severe enough to require medical treatment,

or coughing up of blood on a weekly basis;

8) NOT be involved at the moment in studies of other experimental treatments

9) NOT be a cigarette smoker;

Eligible patients may have to wait to participate in the study if they are actively infected at

the time of the start of the study with certain "cold" viruses, since these viruses might

interact with the gene transfer virus.

You may participate in the trial if you meet all the requirements listed above and are willing

to undergo the procedures described below.

DETAILED PROCEDURES:

The study involves a very extensive series of procedures taking place over an 18-day in-

hospital stay, and a 1-year period of regular outpatient follow-up. Each patient will serve

as his/her own control, so that studies will be performed at the beginning of the study

(baseline period), after administration of a salt-water solution without the virus (vehicle

control period), and then after administration of the gene transfer virus. A single dose of

virus will then be administered to patients in this study. Every person in the study will

receive a dose of virus, but some will receive very low doses. If patients receiving the low
dose do not have severe side effects, the dose will be increased in subsequent groups of

patients. At the time of each administration, doses will be given both to the nose and to the

lung by fiberoptic bronchoscopy.

Groups . This study will include 8 groups of 2 patients each (see table below). The initial

group (Group 1) will be treated with 106 (1 million) vector particles intranasally. Groups 2

through 6 will receive the same dose of vector to the nasal epithelium and to the bronchial

epithelium of the superior segment of the right lower lobe (RLL) through the suction port

of the fiberoptic bronchoscope. Group 2 will receive 1 x 107 (10 million) vector particles

at each site, and the doses in subsequent groups will increase in roughly 3-fold increments

up to a maximum of 1 x 109 (1 billion) intranasal (Groups 6,7,8) and 1 x 10 10 (10 billion)

endobronchial (Group 8). The patients within each group will be staggered by at least one

week and each group will be staggered by at least one month to allow for evaluation of

acute toxicity.
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Study Groups

Site Group Group Group Group Group Group Group Group
1 2 3 4 5 6 7 8

Nasal lxlO6 lxlO7 3xl07 1x108 3xl08 lxlO9 lxlO9 lxlO9

RLL — lxlO7 3x1 O'7 lxlO8 3xl08 lxlO9 3xl09 10 10

Protocol. During the course of the 18 day hospital stay, you will be treated with

intravenous antibiotics and chest physical therapy just as you are when you are treated for a

pneumonia. Patients will undergo a battery of tests on the day of hospital admission,

including blood-drawing, pulmonary function testing, chest X-ray, chest CT scanning,

nasal transepithelial potential difference measurement (TEPD), nasal brushing, and
fiberoptic bronchoscopy. At the end of the bronchoscopy, a small amount of salt-water

solution will be administered through the bronchoscope. The entire battery of tests will be
repeated four days later, but at that time, the actual gene transfer virus will be given to the

lung and to the nose. Some of the tests will be repeated 3 days and 10 days after vector

administration. These tests will indicate whether there has been any adverse effect from the

gene transfer virus and will tell us if the virus is functioning to make the CFTR protein

which is missing due to the disease. Discharge from the hospital is planned on the 14th

day after virus administration. You will be followed up with a complete battery of tests at

30 days, 60 days, 90 days, 180 days, 270 days, and 365 days as an outpatient. We will

plan to see you every 3 months thereafter when you come for your regular CF clinic visits.

Depending on the results of the laboratory assessments of how well the gene transfer virus

is working, the later bronchoscopies may not need to be performed. There will also be
follow-up appointments at 120, 150, 210 and 250 days after virus administration for

check-ups with one of the study doctors. We plan to continue seeing you at least once a

year thereafter as part of your regular CF clinic visits.

Study Regimen

Day -4 0 1 3 10 14 30 60 90 180 270 365
History * * * * * * *

Physical Exam * * * * * * * * * * * *

Nasal brush * * * * * * * * * *

Bronchoscopy * * * * * * * * *

Nasal Voltage * * * * * * * * * *

Chest CT and
X-ray

* * *

Lung Function * * * * * * * * * * *

Blood Studies * * * * * * * * * *

Viral Cx. * *

Admission *

Vehicle Instilled *

Vector Instilled *

Discharge *
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The details of the procedures are as follows:

(1) Fiberoptic bronchoscopy: The fiberoptic bronchoscope is a flexible tube through

which the study doctors can visually examine the inside of the air passages in the lungs and

which can also be used to squirt fluid down into the lungs or suction fluids out of the lungs

(see Diagram 2). Brushes can also be passed through the bronchoscope to scrape off some
of the cells lining the air passages.

The entire procedure is performed under intravenous sedation. One of the nasal passages is

numbed with local anesthetic nose drops and the bronchoscope is passed through the nose

into the back of the throat. After spraying more local anesthetic on the vocal cords, the

scope is advanced into the windpipe (trachea) and then into the bronchi (the larger air

passages in the lungs). Fluid and cells will then be removed for study, and depending on

the time point (see above), either a salt water solution alone or a solution containing the

gene transfer virus may be instilled (dripped into the lung). A special fluid filled catheter

will also be placed through the tube to measure a voltage reading (see TEPD section below)

at various time points. The entire procedure will be performed in a special procedure room
with a skilled anesthesiologist administering the sedation and carefully monitoring oxygen
levels, heart rate, blood pressure, and electrocardiogram tracing.

The entire procedure will usually take about 60-90 minutes. In order to facilitate your

comfort, we will perform most of the other potentially uncomfortable procedures (nasal

brushing, particularly) during the same period of sedation. Your monitoring will continue

as the sedation wears off, and you may require some supplemental oxygen during that

period of time. As you wake up you will be allowed to drink some clear fluids. When you
have fully recovered, you will be allowed to return to your room, if it is during your

inpatient stay, or to return home.

2) Transepithelial potential difference measurement (TEPD) . This technique is a way to

measure the movement of salt and water across the mucous membranes in the nose and in

the air passages. The movement of salt and water across the mucous membranes is

abnormal in CF, which leads to blockage of the airways with thick, sticky mucus
secretions. The amount of salt and water movement is measured by measuring the small

voltages generated by that movement. This is done by placing one small needle as a

reference electrode under the skin in the forearm, and another plastic tube filled with a salt

water solution against the surface of the mucus membrane in the nose or lower air passage,

as a probing electrode. There is a small amount of dripping of the salt water solution, but

there is no external electricity or shock given. When the nasal study is done you may
experience some tearing or taste a salty taste in your mouth. If possible, we would like to

combine the nasal TEPD with the bronchoscopy, to make use of the sedation and thus

minimize your discomfort.

3) Nasal brushing . Generally, this procedure will be combined with the bronchoscopy, to

take advantage of sedation and local anesthesia being performed for that procedure. The
nasal brushing procedure entails using a fine bristle brush to scrape cells from the lining of

the nose. If it is performed while you are awake, you may feel some pain or discomfort

and may experience some excessive tear formation from your eyes.

4) Other procedures . You are, in all likelihood, familiar with the other procedures to be

performed, each of which involves minimal or no pain or discomfort. These are

pulmonary function testing, blood drawing, chest X-ray and chest CT scanning. The latter

two procedures do entail radiation exposure. Our protocol calls for only one additional

chest X-ray, in addition to the 2 X-rays that a typical CF patient might be expected to

average each year. Three chest CT scans are also planned during the first year. These
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would require you to lie quietly in the scanner tube for approximately 20 to 30 minutes
while you are being studied.

The amount of blood drawn will be limited to approximately 30 cc (six teaspoons) per

drawing. There will be a total of 10 blood drawings in the first year.

RISKS/DISCOMFORTS:

The risk posed to you from the gene transfer virus itself is not precisely known. That is the

main question the study is attempting to answer. The natural AAV virus does infect

humans but appears to cause no adverse effects. The genetically engineered gene transfer

virus has been studied extensively in animals and has been found to be safe in that setting.

There is a potential risk of seeing complications in humans which did not occur in animals,

however.

It is possible that the virus itself, or the bronchoscopy procedure, could trigger acute

wheezing or coughing which might impair your breathing. We will be prepared for this

possibility with oxygen, breathing treatments (bronchodilator nebulizations), and other

supportive equipment. It is also possible that you could gradually develop an immune or

inflammatory reaction in your lungs which could resemble asthma (wheezing) or

pneumonia. Since you probably already have some lung disease due to CF, this could

impair your long-term health and well-being. There is also a possibility of long-term side

effects from the virus inserting its DNA into the cells of your lungs. Although this does

not occur normally with AAV in people or animals, it is theoretically possible that the gene
transfer virus could damage the DNA in your lung cells and put you at risk for lung cancer.

There is also a small potential risk of your shedding the gene transfer virus. We will be

culturing your secretions periodically to determine if this is occurring, and if it does occur,

we will give you specific instructions on how to prevent spread of the virus to others in

your home environment.

The other major risks relate to the sedation for the bronchoscopy, and the bronchoscopy

procedure itself. Intravenous sedation, particularly in patients with a history of lung

disease, carries with it the risk, that due to an adverse reaction to the medications, you
could experience a drop in your oxygen levels or stop breathing for a long enough period

of time that a tube might need to be passed through your mouth into your windpipe to allow

for support of your breathing efforts. It would be more likely that you might need some
extra oxygen by mask or nasal cannula (tube) to help you through any difficulties due to

sedation. If oxygen or a breathing tube were required due to the sedation, this would be

expected to be a temporary situation and would probably reverse itself when the sedation

began to wear off. The bronchoscopy, in addition to triggering wheezing or coughing as

mentioned above, could contribute to temporary drops in your oxygen concentration.

Other complications that could occur would be nosebleeds, fevers, or bleeding from the

lung itself. Nosebleeds could also be seen following nasal brushing or nasal TEPD
measurements. As a safety precaution, the above studies will be performed in the presence

of both the study doctor and an anesthesiologist, both of whom will be monitoring closely

for potential problems and be ready to intervene and stop the procedure if necessary.

BENEFITS:

THE BENEFITS TO YOUR OWN HEALTH FROM PARTICIPATING IN THIS
INITIAL STUDY ARE LIKELY TO BE MINIMAL TO NONE. Many of the patients

involved in the study will receive a very low dose of gene transfer virus, and as such will

not be likely to show much effect. The study will target the virus to only one lobe of the

lung, so that even if that lobe were very effectively treated it would not likely have a great
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deal of benefit to your overall health. Lastly, it is not clear how long any genetic changes

to your lung cells will last.

It is hoped, however, if the results of this trial are positive, that the use of this gene transfer

virus might be expanded to make it clinically effective. Your participation in this study

neither guarantees nor excludes the possibility of your being included in subsequent

studies.

For outpatient visits, you will be paid $50 per visit, and will have free parking provided.

Neither you nor your insurance company will be charged for any tests, procedures, or

hospital admissions involved in this study.

ALTERNATIVES TO PARTICIPATION:

If you choose not to participate in this study, your care in the CF center will not be affected

in any way. Also, your choice about participating in this study will not affect your ability

to participate in future gene transfer or other research trials for CF therapies.
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Diagram 1 : Gene Therapy for Cystic Fibrosis
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Diagram 2: Bronchoscopy

You will be sedated with a medication given by vein, and a local anesthetic used to

numb your nose and throat. A flexible lighted tube, called a bronchoscope, is passed

through your nose, down the throat, and into the right lung bronchus. The opening

of the bronchoscope is then advanced into the right lower lobe bronchus, and fluid

and cells are removed for analysis. A salt-water solution or the gene therapy virus

is then injected, and the bronchoscope is removed. The whole procedure takes

60-90 minutes.
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Diagram 3: AAV-CF Gene Transfer Trial Flow Diagram
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Scientific Abstract

I

Scientific Abstract

Although murine retroviral vectors can infect diverse types of proliferating cells, inclusion of tissue-

specific or inducible promoters within retroviral vectors should theoretically target expression to allow

selective expression within tumor cells. The mouse mammary tumor virus (MMTV) long terminal repeat

(LTR) is expressed at high levels in only certain tissues in vivo: breast, prostate, salivary gland. We have

constructed retroviral vectors which express antisense RNA under the control of the MMTV promoter and

have employed these vectors to infect MCF-7 human breast cancer cells. Infection of cultured cells by

supernatants from cloned producer cells expressing either antisense c-fos RNA or antisense c-myc RNA

(titer 4 x 10^ virions/ml) produces a greater than 90% reduction in the tumor size when cells are injected

into an estrogen-dependent nude mouse model (compared with control MMTV-based viral vectors).

Studies of viral supernatant efficacy on established peritoneal, MCF-7 breast tumors in nude mice are

in progress.

Based upon these findings, we have proposed a clinical trial to determine if injection of either

antisense c-fos or antisense c-myc viral vectors will induce regression of metastatic breast cancer in the

meninges (carcinomatous meningitis), peritoneum (malignant ascites) or pleura (malignant pleuritis). The

patient population will consist of women who have failed standard therapy and have extensive, biopsy or

cytology-proven metastatic breast cancer involving the meninges, peritoneum, or pleura which result in

malignant effusions. In this protocol, patient effusions will be drained and the fluid replaced with retroviral

vector, followed by periodic drainage of fluid to follow disease extent and assess gene transfer. These are

patients who have failed standard therapy for their cancer and are expected to survive for a few months.

i
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Non-Technical Abstract

Non-technical Abstract

We are studying the possibility of slowing the growth of metastatic breast cancer by inhibiting

"oncogenes" (growth-promoting genes) within the cancer cells. The purpose is to introduce gene

sequences which block the growth or spread of breast cancer cells by blocking the function of specific

oncogenes by a genetic engineering technique called antisense. The oncogenes which we have selected for

inhibition in these initial studies are named c-fos and c-myc. By transferring antisense sequences into

breast cancer cells, using a disabled mouse virus called a "vector", we change gene expression within the

cancer cells so the cancer cells now grow more slowly and their spread is diminished.

Experiments in mice have shown that the transfer of antisense sequences into breast cancers using

viral vectors, results in a marked decrease in the growth and spread of the breast cancer. We have found

no evidence of spread of the virus to other tissues within the body, and no apparent ill effects of the viral

vectors. Based upon these findings, we propose a human clinical trial for patients with widespread breast

cancer which has spread to produce fluid-filled spaces (effusions) which surround the brain, lungs, and

abdomen. In this study, patients will undergo injection of viral vector into the cancerous fluid in an attempt

to induce regression of the cancer, and to stop the spread of the cancer cells. The patient population

consists of women who have failed standard therapy and have metastatic breast cancer with an expected

survival of a few months.
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Clinical Protocol Protocol

Gene Therapy for the Treatment of Metastatic Breast Cancer by In Vivo Infection with Breast-Targeted

Retroviral Vectors Expressing Antisense c-fos or Antisense c-myc RNA

Co-Pnncipal Investigators: Jeffrey T. Holt MD, Department of Cell Biology,

Vanderbilt University Medical School

Carlos B. Arteaga MD, Division of Oncology,
Department of Medicine, Vanderbilt University Medical School

Associate Investigators: David Robertson MD, Director, Clinical Research Center,

Department of Medicine, Vanderbilt University Medical School

Harold L. Moses MD, Director, Vanderbilt Cancer Center

Department of Cell Biology, Vanderbilt University Medical School

Subject of Study

Patients

Number Sex Age Range
10 Female >18

1. Specific Aims

To apply gene therapy to metastatic breast cancer we propose a method for in vivo gene transfer of

antisense sequences directed against either c-fos or c-myc using retroviral vectors with expression regulated

by the Mouse Mammary Tumor Virus (MMTV) long terminal repeat (LTR). We have demonstrated that

infection of the human breast cancer cell line MCF-7 with an antisense retroviral vector producing either

antisense c-fos or antisense c-myc RNA produces a marked decrease in tumor formation and tumor growth

rate in nude mice. A control retroviral vector which differs only in the orientation of the gene insert did not

inhibit tumor formation, providing evidence that the antitumor effect is mediated through production of

antisense RNA. This effect is apparently mediated by the production of antisense RNA which binds to the

target oncogene mRNA, resulting in decreased mRNA and protein levels. The production of antisense

RNA is regulated by the breast-selective MMTV promoter which is designed to limit expression of the

transferred gene to breast cells (which should generally be tumor cells in the therapeutic sites). The breast-

selectivity of the MMTV promoter may contribute to the limited toxicity which we have observed in

toxicity studies in nuce mice. Infection with these breast-targeted, antisense viral vectors can result in

marked tumor inhibition or even cure of some experimental animals with no clearcut toxicity. Therefore we
propose to apply this method for the treatment of human metastatic breast cancer.

The clinical trial will focus on maximizing the delivery of retroviral vector to the tumor cells within the

malignant fluid space, along with repeated administration in an attempt to maximize the antitumor effect.

Patients will undergo a fluid examination prior to infusion of retroviral vector (lumbar puncture for

carcinomatous meningitis, paracentesis for malignant ascites, thoracentesis for malignant pleuritis).

Cytologic, biochemical, and molecular studies will be performed on aspirations of fluid to follow the

extent of viral vector uptake by tumor cells and determine the stability of the viral vector within the fluid.

The clinical extent of tumor spread will be measured before and after retroviral vector infusion by clinical

exam
,
measurement of fluid accumulation and adbominal girth. After the initial infusion of retroviral

vector, fluid will be removed and examined by methods cited above, followed by a secondand third

injection of the retroviral vector. The initial studies and infusions will be performed as an in-patient

procedure within the Clinical Research Center of Vanderbilt University Medical School. Following the

third infusion, the patient may be discharged and then return at two weeks and four weeks for followup.

In the event of death: Post-mortem examination will quantify tumor spread by careful disection,
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measurment of tumor volume and weight, microscopically-directed analysis of tumor extent, and

molecular analysis of tumor and adjacent normal tissues to compare the extent of gene tranfer between

tumor cells and adjacent normal cells. More extensive tumor seeding will likely require repeated treatments

with retroviral vector in order to achieve a therapeutic response, particularly since large tumors may be

composed predominantly of slowly dividing cells which may require repeated exposure of the tumor cells

to retroviral vector.

Overall Aims and Objectives:

Based on preclinical data (see preliminary studies) we hypothesize that breast targeted antisense

retroviral vectors may be effective agents in the treatment of metastatic breast cancer. The study is designed

to test this hypothesis and specifically provide information on the following aspects of this therapy:

1. Is there effective uptake and expression of retroviral vector into malignant breast cancer cells which are

growing within meningeal, pleural, or peritoneal fluid ?

2. Is the breast-targeted retroviral vector specifically expressed within breast cancer cells or do other cells

express the MMTV-based transcription unit in an unexpected fashion ?

3. Is there toxicity associated with infusion of viral vector in patients with metastatic breast cancer ?

4. Is there an effective reduction in the number of malignant cells following retroviral vector-based therapy

of carcinomatous meningitis, malignant pleuritis, or malignant ascites ?

2. Background and Significance

I. Breast Cancer and Metastasis

Breast Cancer is the most common type of cancer and the second leading cause of cancer deaths in

women. New breast cancers are diagnosed in 150,000 women each year and approximately 50% of these

women will ultimately die of this disease. Although many women can be cured if the cancer is detected

prior to metastasis, the survival rate for patients with metastatic breast cancer remains low. Patients who
present with widely metastatic disease have rapid disease progression and a poor prognosis, but many
patients who present with local disease will develop metastatic disease over the course of 10-20 years.

Although some genetic markers can at least partially predict patients which are likely to develop metastatic

disease, it is still impossible to absolutely predict patient prognosis and response to therapy (1-10). Thus
even well-implemented early detection programs may not completely irradicate the eventual development of

metastasis in some patients. A particular therapeutic problem are those patients with breast cancer which
has metastasized to mesothelial-lined spaces such as meninges, peritoneum, or pleura. Carcinomatous
meningitis, metastasis to the meninges involving the cerebral spinal fluid (CSF), is a life-threatening

problem for which there is no sure and reliable therapy.

Breast cancer is a major cause of death in women. Although the disease is often indolent for long

periods, metastasis ultimately occurs in about 50% of patients and this is thought to be responsible for

death in most patients. Metastasis can occur at numerous sites and is frequently multifocal, involving

several organs. One fairly common pattern of metastasis involves the spread of malignant cells into

mesothelial-lined spaces which results in malignant ascites, pleural effusion, or carcinomatous meningitis.

The clinical manifestations of disease progression are different at each site. Malignant ascites involves the

accumulation of malignant breast cancer cells within the peritoneal cavity, and progression is manifested

by increasing weight, increasing abdominal girth, increasing quantities of fluid obtained by paracentesis,

increasing numbers of cytologically malignant cells within the fluid, difficult food ingestion, and renal

dysfunction. Malignant pleural effusion progression is manifested by increasing quantities of fluid noted

on chest X-ray, dyspnea, increasing quantities of fluid obtained by thoracentesis, and increasing numbers
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of cytologically malignant cells within the fluid. Progression of carcinomatous meningitis is manifested by
altered mental status, cranial nerve abnormalities, signs of increased intracranial pressure, and increasing

numbers of cytologically malignant cells within the cerebrospinal fluid. The patients with carcinomatous

meningitis are the most clinically unstable and must be carefully selected to avoid studying patients who
are likely to die quickly. Median survival of patients with carcinomatous meningitis is dependent on
clinical status while median survival of patients with malignant ascites and malignant pleural effusion is 6-

18 months. Because large numbers of such patients have been followed, the usual progression of the

disease is predictable enough to allow for meaningful assessment of the proposed therapy.The effect of

therapy can be followed by analyzing key endpoints of disease progression which are described in the

protocol: including time to reaccumulation of fluid, abdominal girth, weight gain or loss. X-ray changes,

and clinical signs.

Preclinical data suggests the feasibility of in vivo retroviral vector-mediated gene therapy for the

treatment of metastatic breast cancer involving meninges, peritoneum, or pleura. The model system of

metastatic breast cancer growing within body fluids has several advantages of safety and efficacy for

retroviral-mediated gene transfer into solid tumors. First, the pathology of metastasis into mesothelial-lined

spaces consists of relatively thin tumor plaques with extravasation of cancer cells into the fluid: potentially

allowing a reservoir for delivering retroviral vectors to malignant cells. This spreading pattern is in contrast

to primary breast cancer and more solid metastatic sites where the breast cancer grows has a large 3-

dimensional mass which could prevent delivery of retroviral vectors or other agents into the majority of

tumor cells. In addition, infusion of retroviral vectors into these fluids should produce a greater effect on
the growing cells within the fluid (predominantly cancer cells) then on proliferating cells in regions of the

body which do not directly connect to the mesothelial-lined spaces. Within this malignant fluids, the breast

cancer cells are the most mitotically active cells so few non-tumorous cells are at risk for infection.

Second, breast cancer provides a model system in which a tissue-specific promoter (MMTV) may be
employed to direct gene transfer effects toward the malignant cells without producing expression in non-
breast cells ( 1 1-17). The use of breast-targeted retroviral vectors should provide specificity since the only

cells within these malignant fluids which are expected to express the MMTV-regulated antisense genes are

the breast cancer cells. Therefore the likelihood of selective gene transfer to the tumor cells is enhanced.

The uptake and expression of the viral vectors can be readily assessed in these model systems because

these fluids are readily accessible for cytologic, biochemical, and molecular analysis.

II. Gene mutations in Cancer: Oncogenes and Tumor Suppressor Genes:

One approach to gene therapy for cancer involves altering genes within cancer cells in order to “repair”

or suppress their genetic defects. This approach is theoretically possible because cancer cells have well-

described genetic defects. Although cancer is only rarely a hereditary disease, both animal and human
studies strongly implicate acquired genetic mutations as the cause of most types of cancer. The mutations

which cause or are correlated with cancer are of two types:

1) oncogenes (genetically dominant), in which overexpression or altered function produces tumorigenesis

2) tumor suppressor genes (genetically recessive), in which loss of the gene results in tumorigenesis

The evidence that these gene mutations are implicated in cancer is quite convincing with numerous
animal studies demonstrating that overexpression of dominant oncogenes in transgenic mice or deletion of

tumor suppressor genes in “knock-out mice” (homologous recombination) produces cancer. Mutations in

specific oncogenes and tumor suppressor genes are very common in human cancers: for example, 25-40%
of colon cancers contain mutations in the ras dominant oncogene while 50-70% of colon cancers contain

mutations in the p53 tumor suppressor gene [18]. The possibility of gene therapy to repair these defects is

complicated by the notion that cancer involves a series of gene mutations. However, there are already

several published studies in which inhibition of a dominant oncogene [19,20] or replacement of a missing

tumor suppression gene [21 ]
reversed the malignant phenotype. This suggests that altering even a single

genetic defect in cancer cells may have important clinical consequences. Perhaps a more important
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consideration is the functional role of proto-oncogenes and tumor suppressor genes in the regulation and

suppression of cell growth. Multiple studies have indicated that inhibition of proto-oncogenes can inhibit

cell growth even in cells lacking mutations in these oncogenes, suggesting that inhibition of proto-

oncogenes can have effects in cells which go beyond a mere "genetic repair" concept [22-30].

Studying how mutations in specific genes produce cancers in humans will produce therapeutic

implications beyond “genetic repair” of specific patient mutations. Both oncogenes and tumor suppressor

genes appear to fall into certain groups or pathways. It may well be possible to alter the phenotypic

consequences of numerous specific genetic mutations by manipulating certain signal transduction

pathways. An example from the dominant oncogene field: CML is associated with (and presumably

caused at least in part by) a chromosomal translocation of the bcr and c-abl genes producing an activated

abl tyrosine kinase; and Burkitt’s lymphoma is associated with a chromosomal translocation of

immunoglobulin genes with the nuclear c-myc proto-oncogene. Studies employing dominant-negative myc
genes [20] and/or antisense c-myc [19] indicate that inhibition of c-myc expression will inhibit both types

of tumor cells. The Burkitt’s lymphoma cells are inhibited by direct inhibition of the c-myc oncogene, and

the CML ceils are inhibited because the abl tyrosine kinase apparently requires c-myc expression for its

effects [22]. An example from the tumor suppressor gene field: the p53 tumor suppressor gene complexes

with the murine double minute 2 gene(mdm-2) and many tumor cells contain either p53 deletions (or

mutations) or mdm-2 amplification but generally not both. Overexpression of mdm-2 inhibits p53-

mediated transactivation suggesting that altered expression of these genes might influence the growth of

cells which contain mutations in either of these genes [3 1].

Gene therapy approaches to dominant oncogenes and tumor suppressor genes must be different:

dominant oncogenes must be inhibited and tumor suppressor genes must be replaced. Both of these

approaches are technically feasible. Dominant oncogenes may be inhibited by either 1) antisense methods
which inhibit specific gene expression by producing the complementary RNA and blocking translation of

the oncogene mRNA through hybridization or mRNA destruction; or 2) overexpression of a dominant-
negative mutant which competes with the mutant activated oncogenes. The Holt laboratory was the first to

demonstrate that antisense methods could inhibit dominant oncogenes and inhibit the growth of cells [22].

Evidence from homologous recombination studies and the realization that c-fos and c-myc are members of

gene families has resulted in a more complex theory, suggesting that these proto-oncogenes have key roles

in growth and differentiation which have specialized or generalized functions (redundant functions [25,32,

33]. Both antisense methods and dominant negative mutants have suggested an important role for the c-

myc oncogene during cell growth [19,20]. Additional studies have suggested an interaction between the

proto-oncogene c-myc and the tumor suppressor gene Rb suggesting that interactions may occur between
oncogene and tumor suppressor gene which must be considered in evaluation of studies of the type

proposed [34-36].

III. MMTV and Breast Specific Gene Expression

Retroviruses have evolved as effective agents which can introduce DNA into specific cells and
employ molecular mimicry to cause cancer in animals. The Mouse Mammary Tumor Virus (MMTV)
causes a transmissible breast cancer in certain strains of mice as a consequence of efficient transcription in

breast cells and activation of oncogenes. The transcriptional unit which produces efficient transcription of

the MMTV genome in breast cells is the MMTV long terminal repeat (LTR) which is a steroid-responsive

promoter [1 1, 12]. the steroid-responsive nature and breast specificity of the MMTV promoter have been

exploited in expression vectors to produce regulated expression in cultured cells and in transgenic mice

[13-17]. The specific cis-elements within the MMTV promoter which are responsible for breast-targeted

expression have not been definitively identified, but studies in transgenic mice have shown that certain

truncations of the MMTV promoter show promiscuous expression in diverse tissues (16). For these

reasons, the breast-targeted retroviral vectors employed in this protocol employ the entire 5' MMTV LTR
region.
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IV. Rationale for Gene Therapy and Significance

There is no standard therapy for metastatic breast cancer which has spread to peritoneum, pleura, or

meningeal spaces. Some patients with large malignant pleural effusions are treating by removing the fluid

with or without sclerosing the previous space which was filled with fluid. Alternative therapies include

systemic chemotherapy and/or systemic hormonal therapy . These therapies do not presently provide

effective treatment or cure to these patients.This treatment may be used in combination with other

chemotherapeutic or hormonal approaches, but no combination of these therapies has demonstrated

substantial efficacy or cure.This transcription factor-targeted antisense approach is specifically targeted to

the MMTV-expressing breast tumor cells. Hence, theoretically it is a more rational approach than the use

of cytotoxic nonselective chemotherapy agents. Unfortunately, most patients with metastatic breast cancer

with malignant effusions also have disease at other clinical sites. Therefore this therapy is designed to halt

progression or reverse disease manifestations, and is not intended to prevent all manifestations of disease. IJ

The recombinant viral vector will be transferred into malignant tumor cells which are growing
within mesothelial-lined fluid spaces. The use of recombinant DNA is necessary for these studies because

the transfer of antisense sequences requires an efficient gene delivery mechanism such as a retroviral

vector. The use of recombinant viral vectors in the proposed clinical protocol would also provide important

data regarding the transfer for retroviral vectors into cells growing within peritoneal, pleural, or

cerebrospinal fluid. These fluids may provide a special site for effective gene transfer.

3. Preliminary Studies:

I. Pre-clinical Data

A. In vitro studies with plasmid-mediated and oligonucleotide-mediated antisense methods.

We have previously employed antisense methods to demonstrate that antisense RNA
complementary to c-fos results in inhibition of cell proliferation in cultured fibroblasts. This work is

presented in several publications which are included in Appendix A. This work has also demonstrated that

antisense inhibition of the c-myc gene results in decreased cell proliferation and an induction of

differentiation [19]. In both cases: we demonstated that the antisense produces decreased expression of the

target gene mRNA and protein, and that the effect could be rescued by sequence competition [19] or by
antisense rescue [25].

B. Construction of Retroviral vectors and production of viral stock

The specific retroviral vectors are XM6:antifos and XM6:antimyc which differ only in the

antisense region between the MMTV promoter and the globin 3' sequence. These retroviral vectors are

based on the N2 retroviral vector, have been previously published (25) and their structures were confirmed

by restriction enzymes analysis and DNA sequencing across cloning and tinkering sites. Maps and
computer-generated DNA sequences for both retroviral vectors are presented in Appendix B.

The XM6 retroviral vectors used in these antisense retroviral vectors contain the breast-targeted Mouse
Mammary Tumor Virus Long Terminal Repeat (MMTV) which is selectivity expressed in breast cells in

transgenic mice and in steroid-treated tissue culture cells. The specific cis-elements within the MMTV
promoter which are responsible for breast-targeted expression have not been definitively identified, but

studies in transgenic mice have shown that certain truncations of the MMTV promoter show promiscuous

expression in diverse tissues. For these reasons, the breast-targeted retroviral vectors employed in this

protocol employ the entire 5' MMTV LTR region. Because antisense sequences need to be fused to other

regulatory elements, these retroviral vectors include the human beta globin polyadenylation site which

provides stability to the antisense transcripts and marker sequences for ready identification of gene

transfer.
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The DNA construct was made by modifying the basic N2 retroviral vector to produce unique cloning

sites and then systemically clone in desired DNA sequences and regulatory elements. First, the Hind III

and Bam HI sites within PBR sequences present in the vector were destroyed by blunting/religation so that

these could be used as unique cloning sites in later constructs. Next, human beta globin sequences were

cloned into the unique Xho I site to provide globin polyadenylation sequences for future constructs.The

retroviral vector was now similar to the MMTV-antisense-globin vectors which we have previously used

in transfection studies (22,24,25), allowing subcloning of Xhol-Bam HI MMTV-antisense sequences for

either c-fos or c-myc. The antisense c-fos sequences is 196 base pairs which flank the translation initiation

site and the antisense c-myc sequence is 750 base pairs which flank the translation initiation site. A control

retroviral vector termed "sense" c-fos is identical to the XM6:antifos retroviral vector except the antisense

sequence has been cloned in the reverse orientiation (thus it does not produce complementary antisense

RNA). The recombinant DNA is purified by alkaline lysis and then twice-banded by ultracentrifugation

with CsCl.

The viruses were prepared by transfecting PA3 17 cells with either the XM6:anti-fos or XM6:antimyc
retroviral vector DNAs which were purified as described in IBla(3). Following transfection, the PA317
cells were split and then treated with G418 until individual clones could be identified and expanded. Each
clone was then screened for its titer by analyzing its ability to transfer G418 resistance (since the retroviral

vector contains a Neomycin resistance gene). The clones which had the highest titer were then frozen in

numerous aliquots and tested for sterility, presence of replication-competent retrovirus, and presence of

mycoplasm. The cells are grown in Dulbecco's modified essential medium with added fetal calf serum.

The amount of fetal calf serum employed in the pre-clinical studies ranged from 2.5% (for studies of

MCF-7 breast cancer cells whose growth is inhibited by serum) to 10% (for studies infecting fibroblast

cells). We plan to collect virus from producer cells by adding serum-free media to the producer cells for 8
hours so that patients are not exposed to bovine serum proteins. If the presence of serum proteins is

shown to be important for efficient infectivity in future studies, then we may consider using appropriately

tested Human AB serum for collection of retroviral stocks. We would make this change only with the

approval of RAC and the FDA. We will only use media from retroviral producer clones which pass the

following tests: S+L- assay, 3T3 amplification followed by S+L- assay, bacterial and fungal sterility

testing, mycoplasma testing. Southern blot analysis of the retroviral producer clone, ability to transfer

vector DNA to other cells (analyzed by transfer of G418 resistance and by Southern blotting of target cells

to demonstrate efficient gene transfer), and additional testing as required or requested by RAC or die

FDA.

C. In vitro studies with antisense retroviral vectors

1. Evidence for breast selectivity:

Several different cell types have been infected with the amphotropic XM6:antifos and
XM6:antimyc retroviral vector stocks including: mouse NIH 3T3 cells, human HL-60 leukemia cells, and
MCF-7 human breast cancer cells. We have not observed expressed of the MMTV-regulated antisense

sequences in 3T3 cells or HL60 cells unless exogenous steroid was added to the culture media.

2. Effects of retroviral vectors in vitro:

We have constructed a number of retroviral vectors which are designed for breast-targeted

expression. These vectors can be divided into two basic groups: 1. Antisense dominant oncogene vectors;

and 2. Tumor suppressor gene transfer vectors. The basic structure of these retroviral vectors has been
reported [24] and is shown in Appendix C: Figure 1. Stable producer clones were produced by
transfection of twice-cesium banded DNAs into the amphotropic producer line PA3 17. At least 10

producer clones for each plasmid were titered by quantitating the transfer of neo resistance to NIH 3T3
target cells. The producer clone which produced the highest titer from each plasmid DNA was identified
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and used for production of high-titer virus stock (the titers ranged from 5-9 X lO^/ml) To confirm titers

and test the relative infectivity of human breast cancer cell lines we have infected MCF-7 cells with

amphotropic viral stocks from producer cells which produce the following viruses: 1) XM6-Antisense c-

fos; 2) XM6-Sense c-myc (a control vector which does not express antisense RNA; 3) XM6-Antisense c-

myc; 4) XM6-Rb; 5) XM6-CAT. We standardized the viral stocks such that each T25 flask containing 1

million cells received 3 million viral particles. Forty-eight hours following infection we counted the

number of cells in triplicate, as presented in Appendix C: Figure 2. This preliminary data suggests that

antisense inhibition of c-myc or introduction of Rb results in growth inhibition in infected MCF-7 breast

cancer cells. These experiments were performed on MCF-7 cells cultured in T25 flasks. The sample
marked sense c-myc was infected with an XM6-sense myc retrovirus which expresses a control gene
containing 750 base pairs from the 5' region of the c-myc gene, and serves as a control for the antisense c-

myc retroviral vector.

C. Toxicity studies of viral stocks in the peritoneal cavity

To test for toxic effects or potential carcinogenic effects of injection of retroviral vector into

mesothelial-lined spaces, we have infused e nude mice with 1 milliliter of retroviral vector XM6: antifos

and 3 other nude mice with 1 milliliter of XM6:antimyc and observed the mice for 6 weeks at the date of

this submission. None of these mice have developed tumors, rashes, clear allergic responses, or evident

pathology. Autopsies will be performed on these mice in a few weekks to determine the extent of viral

infection and to determine whether retroviral vector has infected the gonadal region.

D. In vivo infection of MCF-7 cells injected into nude mice

Infection of cultured MCF-7 cells with XM6:antifos produced no significant decrement in cell

proliferation rate, but produced a marked slowing of tumor formation when these ex vivo infected cells

were injected into estrogen-treated nude mice. Examination of the cultured cells and the tumors revealed

that although only 30-60% of the cells had been infected with the retroviral vector as determine by
Southern blot (Appendix C; Figure 3), there was a marked decrease in tumor formation. These results are

presented in Appendix C; Table I and Figure 4. Histologic examination of these tumors showed that the

tumors derived from cells infected with XM6antifos were predominantly encapsulated and the majority did

not invade tissue structures (compared with control tumors infected with XM6:sensefos which usually

invading skeletal muscle or subcutaneous lymphatics). These tumors also showed frequent apoptosis and
induction of differentiation which was most evident when sections were stained with alcian blue. By
contrast, the control tumors were larger, showed less apoptosis, and were extremely undifferentiated.

Taken together, the Southern blot and histologic findings suggests a "bystander" phenomenon: in which
infected cells signal other tumor cells to die and/or differentiate. We are presently studying the mechanism
responsible for this phenomenon but do not presently know whether it involves cell-cell contact, soluble

factors, and/or other explanations.

Infection of cultured MCF-7 cells with XM6:antimyc produced a moderate decrease in cell

proliferation rate, but completely prevented tumor formation when these ex vivo infected cells were
injected into estrogen-treated nude mice. This occurred even though only 30-60% of the cells had been

infected with the retroviral vector as shown by Southern blot (Appendix C; Figure 3), suggesting a

bystander phenomenon to prevent tumor formation by the remaining cells. However, because no tumors

developed in this treatment group there was no way to determine whether induction of either apoptosis or

differentiation occurred. These results are presented in Appendix C; Table II and Figure 5.
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E. In vitro studies testing whether pleural or peritoneal fluids from malignant effusions support infection

by retroviral vectors.

Because our protocol includes infusion of retroviral vector into malignant infusions, it is essential that

we demonstrate that retroviral vectors can infect cells under these conditions. We obtained pleural and

peritoneal fluid from 5 patients and incubated a beta-galactosidase virus [37] with these fluid samples for

1, 4, and 24 hours and then infected 3T3 target cells (the purpose of this experiment was to determine if

retroviral infection can occur in the presence of malignant fluids). The results are presented in Appendix C;

Figure 6 and indicate that retroviruses can survive for short periods in pleural and peritoneal fluid. These
findings are similar to those of Ram which indicate that retrovirus can infect cells in cerebrospinal fluid

[38].

F. Structure of retroviral vector in Producer cells and Target cells

Southern blot analysis indicates that the retroviral vector and provirus are stable: rearrangement or

recombination have not been observed. The vector was designed to minimize rearrangement by avoiding

tandem repeated sequences, GC-rich polylinkers, and using short antisense sequences thereby minimizing

the chance introduction of unstable sequences. We have employed Southern blotting to analyze stability of

transferred gene sequences and believe that rearrangement of greater than 5% of transferred DNA could be
detected by this assay. We have also tested whether retroviruses are stable in these malignant effusions

and have demonstrated that incubation within these fluids does not destroy infectivity (Appendix C, Figure

6)

Preclinical summary:

We have presented preclinical data which shows that antisense c-fos and c-myc produce inhibition

of cellular proliferation in a variety of cells through antisense inhibition of their respective target genes.

Based on this data, breast-targeted retroviral vectors were employed to deliver antisense to MCF-7 breast

cancer cells in vitro and in a nude mouse cancer model. These studies demonstrated that infection of MCF-
7 cells with XM6:antimyc retroviral vector prevented these reinfused cells from forming a palpable tumor.

Infection of MCF-7 cells with XM6:antifos retroviral vector resulted in cells which formed smaller tumors
that showed less invasiveness and induction of differentiation and programmed cell death (compared with
MCF-7 cells infected with XM6:sensefos, a control virus). Because only 30-60% of the cells are infected

under these conditions, these results suggest some sort of "bystander" phenomenon is responsible for the

observed inhibition of tumor growth.

II. Clinical Data

No clinical data has been obtained.
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I. Patient Selection

4. Research Design and Methods

A. Inclusion criteria

Patients with metastatic breast cancer with spread of tumor into mesothelial-lined spaces: specifically

cytologically positive malignant ascites, malignant pleural effusion, and carcinomatous meningitis. Female
patients over age 18 with ability to give informed consent. Patients with ECOG performance status less

than or equal to 2, life expectancy of greater than 3 months, and who had recovered for at least 4 weeks
from the morbidity of prior surgery and/or other cancer therapies.

B.Exclusion criteria

(1) All medical students are excluded from this study (Vanderbilt policy)

(2) Pregnant patients

(3) Patients with acute infectious peritonitis, acute infectious pleuritis, or infectious meningitis

(4) Patients with congestive heart failure (NYHA claa 4), recent myocardial infarction,

pulmonary insufficiency, or hematologicsl, renal, and liver dysfunction.

(5) Patients with less than 3 months expected survival

(6) Patients requiring anticoagulant or antiplatelet agents

II. Protocol Design (A summary of the protocol is presented in Table II)

Patients with metastatic breast cancer who meet the study criteria will be treated with retroviral

gene therapy by infusion of retroviral vectors into peritoneal, pleural, or meningeal sites containing tumor.

Retroviral vectors will be manufactured from viral producer cells [39] using serum-free conditions and will

be tested for sterility, absence of specific pathogens, and an absence of replication-competent retrovirus by
standard assays (the FDA has specific requirement for biologic therapies of this type and we will comply
with their standard in our virus production facility in Med Center North). Retrovirus will be stored frozen

in large aliquots which have been tested according to FDA standards.

Patients will be admitted to the Clinical Research Center where they will have a complete physical

exam, blood, and urine tests to determine overall health.They will also have a chest X-ray, electro-

cardiogram, and appropriate radiologic procedures to assess tumor stage.

Patients will spend four days in the Clinical Research Center for the initial 3 infusions of retroviral

vector. Blood samples will be drawn each day and tested for the presence of retroviral vector by sensitive

polymerase chain reaction (PCR) -based assays. Patients with malignant pleural effusions will receive a

flexible intrapleural catheter. An Omaya reservoir will be surgically inserted in those patients with

carcinomatous meningitis to allow ready access to the CSF. The fluid which is removed will be analyzed

to determine:

1. The percentage of cancer cells which are taking up the vector/gene combination:

by PCR and by in-situ hybridization

2. The number of cancer cells present in the fluid

3. Differentiation status of the cells (alcian blue/PAS)
4. Presence of programmed cell death (ApoTAG and DNA analysis)

5. Measurement of expression of c-fos or c-myc target gene by slide immunofluorescence or western blot.
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Patients will be continuously monitored while in the CRC. After the four day period in the Clinical

Research Center they will be discharged. Depending on clinical status, they will either be discharged to

the Oncology Division or home; but all patients will be asked to return at day 7 for a blood sample and a

fluid sample. After completion of the virus vector infusions, patients will proceed with pleurodesis and/or

chemotherapy options as clinically indicated to temporarily control their disease.

The clinical endpoints of this study include measures of delivery and efficacy.

Delivery endpoints include:

1) analysis of fluid to determine if non-tumor cells are infected by the retroviral vector

2) analysis of blood to determine if the retroviral vector is detectable in peripheral blood

Efficacy endpoints are site specific, so each site will be described separately:

Acites:

1) Abdominal girth

2) Time to reaccumulation of fluid after peracentesis

3) CT scan of abdomen to assess tumor extent (when evaluable)

4) Percent of tumor cells which integrate and/or express the retroviral vector (PCR,blot)

5) Number of viable cancer cells per ml of fluid

6) Cytologic evaluation of differentiation and apoptosis

7) Measurement of c-fos or c-myc expression

Pleural Effusion:

1) Time to reaccumulation of fluid after thoracentesis

2) Chest X-ray to assess extent of fluid and tumor

3) Percent of tumor cells which integrate and/or express the retroviral vector (PCR,blot)

4) Number of viable cancer cells per ml of fluid

5) Cytologic evaluation of differentiation and apoptosis

6) Measurement of c-fos or c-myc expression

Carcinomatous Meningitis:

1) Mental status

2) Signs of increased intracranial pressure

3) Percent of tumor cells which integrate and/or express the retroviral vector (PCR,blot)

4) Number of viable cancer cells per ml of fluid

5) Cytologic evaluation of differentiation and apoptosis

6) Measurement of c-fos or c-myc expression

These clinical endpoints may be inconclusive in terms of efficacy in the absence of a control

populationbut will help on the assessment of toxicity. Efficacy willbe tested once the delivery endpoints

(which may require multiple injections) are achieved. The latter are the realistic aims of this project at this

time. "Efficacy" of the antisense vector may be invaluable since patients will be allowed to proceed with

the standard management of their metastatic effusion (i.e. chemotherapy) after our studies are completed.

We decided this because at this stage this project is more of an assessment of tumor cell retroviral delivery

and felt it was ethically unjustified to withhold established palliative therapy. The sensitivity of the

molecular studies should be able to detect integration or uptake in at least 5% of tumor or non-tumor cells.

Followup studies will be done at 2 weeks, 4 weeks, and then every two months during the first year.

Patients will be followed at least yearly for the rest of their lives for retroviral gene therapy safety

monitoring.
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A. Preliminary Evaluation and screemng

Before a patient is entered into the study, the Coinvestigators will review the history, lab data,

radiographic evaluation, and histopathology . Dr. Holt will confirm that the patient has a malignant

effusion by examination of the cytology specimens. Selected patients will be admitted to the Clinical

Research Center where they will have a complete physical exam, blood and urine tests to determine overall

health. They will also have a baseline chest X-ray, electrocardiogram, and appropriate radiologic

procedures to assess tumor stage. Patients will be weighed at admission and baseline measurement of

abdominal girth will be made for patients with malignant ascites. 25 mis of blood will be drawn at

admission to provide a negative control sample for PCR assays measuring whether retroviral vector is

present in the peripheral blood following retroviral infusion (blood sample will be split; whole blood will

be saved for gene assays, and serum will be saved for future immunologic studies).

B. Evaluations during the Treatment period

Standard protocol for ascites or pleural effusion:

Fluid will be removed by paracentesis, thoracentesis, or spinal tap prior to infusion of retroviral

vector stock. This fluid will be saved as a control for analysis of cytology, DNA, RNA, and

immunofluorescence studies. Based on the amount of fluid removed in the initial "tap", we will infuse

approximately 100 mis retroviral vector stock (titers are approximately 7 X 10^ /ml). The usual titer of the

retroviral stocks for XM6:antifos and XM6:antimyc range from 5-8 x 10^ per millilter, thus a one liter

infusion into the peritoneal space which deliver approximately 500-800 million viral particles. The amount
of infusion will be based on the amount of the effusion, clinical judgment, and patient response. The next

two days (day 2 and day 3) we will withdraw additional ascitic or pleural fluid for the cytologic,

molecular, and biochemical studies outlined above, and then infuse approximately 100 mis of retroviral

vector into the site of the effusion. A catheter will be inserted for infusions into selected patients with

pleural effusions. On day 4 we will obtain a 10 ml fluid sample assess retroviral infection rates and for

the cytologic, molecular, and biochemical studies described above. A 10 ml blood sample will be taken

each day for PCR analysis to determine whether the retroviral vector can be detected in the blood. Cell

samples would be obtained on days 2-4 in order to assess the extent of gene transfer and check for

apoptosis or differentiation of tumor cells within fluid. If the fluid is substantially absorbed, then we will

wait to repeat the treatment until the malignant effusion reaccumulates. When and if the malignant fluid

reaccumulates, then this procedure would be repeated a second and final time. The interval between these

studies would depend on how rapidly the fluid accumulates.

Standard protocol for cerebrospinal fluid:

An omaya reservoir will be placed within the meningeal space and then 3-5 mis of spinal fluid will

be removed and immediately replaced with retroviral vector stock. The removed fluid will be saved as a

control for cytology, molecular, and biochemical studies as outlined above. This procedure will be

repeated each day for 3 days. Fluid samples and a 10 ml blood sample will be taken each day for PCR
analysis to determine whether the retroviral vector can be detected in the blood.

Studies to detect spread of retroviral vector:

We can directly assay gene transfer efficiency in these patients by obtaining fluid from the

malignant effusion on days following the vector/DNA infusion (or ex vivo infection in the alternate

protocol) and determining the percent of cells which have integrated the retroviral vector by Southern

blotting using a globin probe which should provide a ratio of transferred gene: endogenous globin gene

copy number (See Southern blot in Appendix C). Expression of the target gene will be assayed by in situ

hybridization and nuclease protection assays to analyze mRNA levels of the antisense mRNA and the

target mRNA; as well as by immunofluorescent studies analyzing levels of c-fos and c-myc protein in cells
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within malignant fluids. Note that these analyses will not be limiting to the intended target cell populations,

since we can also determine whether the antisense mRNA is expressed within normal cells within the fluid:

a direct test to determine whether the transferred gene is selectively targeted for the tumor cells. The
Southern blot should be able to detect the percent of cells which have been infected by the virus as long as

at least 5% of the cells have been infected. Similarly, nuclease protection assays and immunofluroescent

assays have been capable of detecting expression in 3-5% of cells. If greater sensivity is needed, then we
will employ the PCR-based tests which we have designed to detect the presence of retroviral vector DNA
in peripheral blood. We estimate the sensivity of the PCR assay to be able to detect one integration in 10^

cells.

C. Evaluation following the Treatment Period

1. Initial followup:

Patients will be seen as outpatients at 2 week intervals during the first two months and on a

monthly basis during the remainder of the first year. Blood samples to analyze for the presence of

retroviral vector in the peripheral blood will be performed at the 1 week, 2 week, 4 week, and 8 week
visits. If any of these tests are positive then we will continue screening at later visits. If fluid reaccumulates

and patients require drainage then fluid will be obtained and cytologic, molecular, and biochemical studies

repeated.

2. Yearly followup:

Patients will be asked to return at least once a year for the rest of their life for retroviral gene
therapy safety monitoring. Blood samples will be drawn at this time for PCR studies to analyze whether
the retroviral vector is present in peripheral blood cells. Fluid will be tapped when clinically indicated.

3. Autopsy:

We will try to obtain consent for a complete autopsy on any patient who dies during or after

the study. Tissues from all major organs: including the ovaries, bone marrow, liver; and from the lining

of the involved mesothelial-lined cavity will be obtained for cytologic, molecular, and biochemical
analyses. PCR, in situ hybridization, and Southern blot studies will be performed to determine whether
remaining cells are present which have integrated and/or express the retroviral viral vector. We will

particularly search for integration and expression into non-tumorous cells.

4.

It is understood thast the performance of this study is subject to factors including but not limited to:

patient compliance, scheduling difficulties, clinical judgement of the investigators, or clinical judgement of

the patient care physician. In this case, a test may not be done in an individual instance with no violation of
the protocol. However any systemic or significant modification of the original protocol, whether related to

patient safety or not, will be submitted to the Vanderbilt IRB for approval.

D. Criteria for response

1. Non-responders:

Patients with less than a 25% decrease in abdominal girth above control for body surface area or

25% decrease in effusion volume (judged by X-ray) and with no reduction of malignant cells within the

fluid.

2. Minimal responders:

Patients with a 25-49% decrease in abdominal girth or similar decrease in effusion volume; and
with a greater than 50% reduction of the number of malignant cells within the fluid.
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3. Partial responders:

Patients with greater than 50% decrease in fluid volume as measured by abdominal girth changes

or reduction in effusion volume and a greater than 50% reduction in malignant cells within the fluid. Also

includes patients who reabsorb fluid but have reaccumulation of fluid to the original volume within 30
days.

4. Complete responders:

No residual malignant effusion.

E. Re-treatment Criteria

In the event of a significant clinical response, individual patients would be retreated following a similar

protocol.

F. Off-treatment Criteria

We do not intend to retreat patients unless indicated as in II. E.

III. Data monitoring

The investigators will allow the FDA or other government representatives to inspect study

documents including consent forms and hospital charts. Adverse drug reactions to the infused retroviral

stock will be reported promptly to the FDA, Vanderbilt IRB, and Vanderbilt IBC even if there is only a

suspicion of a drug effect. Life threatening reactions will be reported by phone within 24 hours with

written report within 10 working days. Any revisions to the protocol will be discussed between
investigators, the FDA, and others as required prior to submitting formal changes to the IRB and FDA.

5. Risks of the study

The potential risks of this study are listed below:

Risk of MRI and CT scans: injury due to movement of metal clips or foreign bodies

Risk of Blood drawing (Phlebotomy): hematoma, bleeding

Risk of paracentesis, thoracentesis, or lumbar puncture: hemorrhage, viscus perforation, infection.

Removal or infusion of fluid can result in allergic reaction, fluid imbalance, heart failure, or

electrolyte abnormalities

Risk of retroviral gene therapy: Although the retroviral vectors employed in this trial are unable to

reproduce or replicate, since they are an untested form of cancer treatment, unknown or uncommon
side effects may occur. Unsuspected infectious agents could be introduced during infusion of

retroviral vector.

Additional risks: Possible risks of the study include an allergic reaction to the media or the retroviral

vector; and the possibility of tumor necrosis what could produce local immune responses and

systemic effects such as uric acid elevation.
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In order to minimize these risks the following precautions will be taken:

Procedures (phlebotomy, lumbar puncture, infusions, etc.) will be performed in the hospital.

Risks of scans will be minimized by careful questioning whether patients have metal clips, foreign bodies,

etc. Risks of gene therapy will be minimized by the use of replication-incompetent viral vectors which

express anti -proliferative genes. Tests are performed to verify that all lots of retroviral vector do not

contain any contaminating replication-competent virus. The vectors are designed to be expressed only in

breast cells, and will produce only anti-oncogenes (which have previously been shown to act as anti-

proliferative signals in non-malignant cells). Our preclinical data suggests that the spread of the virus is

quite limited under these conditions. To minimize the chance of transmission of infectious agents, tests to

identify mycoplasma, bacteria, and replication-competent retroviruses will be performed on lots of

retroviral vector in accordance with standards set by RAC and by the FDA.

Risk: benefit ratio

The expected course for patients with metastatic breast cancer with malignant effusions is

progressive with no hope for cure. The benefits from the proposed therapy are the potential reversal of the

malignant effusions with prolongation and improvement in the quality of life. Possible significant toxicity

from the proposed therapy includes the risks of paracentesis, thoracentesis, or lumbar puncture:

hemorrhage, viscus perforation, and infection. Removal or infusion of fluid can result in allergic reaction,

fluid imbalance, heart failure, or electrolite abnormalities. The probability and magnitude of potential

adverse effects from this proposed therapy are rare and relatively minor compared with the patient's fatal

malignancy. The probability of success of this clinical protocol can not be predicted but it would represent

an important therapy if the results in humans mirror the results obtained in preclinical animal studies.

6. Confidentiality and Public Disclosure

Confidentiality will be maintained at all times and patient identity will not be disclosed.

Publications will refer to patients by number and not by initials or other shorthand which allow linkage to

individual patients. Recores will be encoded so that confidentiality is maintained.The identity of patients

who participate in the study will not be publicly disclosed.

Individual discussions with the patient and family members will be scheduled to answer all

concerns and questions about the protocol. Co-P.I. Dr. Carlos Arteaga is a board-certified oncologist and
basic scientist who has tprior experience in discussing clinical protocols with cancer patients and their

families. Basically patients will be informed in lay terms of the results with human tumor lines in the

laboratory emphasizing the tumor selective nature of the genetic treatment and the potential advantages it

may have over "conventional" anticancer drugs. The latter are costly, not very likely to work in patients at

this stage, and for sure toxic to host tissues. On the other hand, our therapy does not prevent them from
receiving these alternative therapies immediately after studies are completed.

Issues of cost are clearly outlined in the consent form. There will be no cost to the patient for the

protocol studies conducted in the clinical research unit, or for the followup studies which are part of the

protocol.

The goal of these studies is to gain information which should lead to more efficient gene transfer

without malignant effusions.. All information gained will be available to the research community and to the

public.
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Figure 1: Breast Specific Retroviral Vectors
(not drawn to scale: antisense regions are much shorter)

The viral vectors shown above express the following genes

under the control of a breast specific promoter (MMTV):
either a tumor suppressor gene (RB), antisense against an oncogene

(antisense c-fos, antisense c-myc), an easily assayed gene

for control studies (CAT) , or antisense controls ("sense" c-fos

and "sense" c-myc)

.
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CONSENT FOR RESEARCH STUDY
ADULT: (Patient) [X]

PRINCIPAL INVESTIGATOR: Jeffrey Holt MD

TITLE OF PROPOSAL: Antisense Retrovirus Gene Therapy for Metastatic

Breast Cancer

NAME OF RESEARCH VOLUNTEER:
AGE:

TO PERSONS WHO AGREE TO PARTICIPATE IN THIS STUDY:

The following information is provided to inform you about the research project and

your participation in it. Please read this form carefully. Any questions you may have about

this study will be answered. Please feel free to ask any questions you may have about this

study and/or about the information given below. Written form [X] Oral form [ )

ITEM #1: Indicated below are the following:

(a) The purpose of this study

(b) The procedures to be followed

(c) The approximate duration of this study

Your breast cancer is metastatic-that is, cancer cells have spread into your lungs,

abdomen, or brain. When breast cancer has spread to this extent and does not respond to

chemotherapy, no other treatment has yet been shown to work.

Using knowledge gained from the study of genetics, we have developed an experimental

method to treat metastatic breast cancer using "gene therapy.” We have tested our method in

the laboratory and have found that it will shrink breast cancers in mice. We are now asking if

you are willing to be one of the first subjects in a study whether our new method will have

any effect on metastatic breast cancer in human beings. While we hope to gain information on
the usefulness of this method, we cannot guarantee your tumors will shrink as a result of this

experiment.

What is gene therapy for breast cancer ?

We will attempt to change the genetic material (DNA) of your breast cancer cells by

inserting into these cells what is known as an "antisense” gene. This gene will be carried into

the cells in a "vector" the same way a passenger is carried into a parking garage in a car. The
vector (or car) in this case is a genetically modified virus. In its original form, this virus

causes breast cancer in mice. We have kept those parts of the virus which make it infect breast

cells while removing those parts that cause cancer. In the place of that DNA we have put the

antisense gene (like the passenger in the car). When the antisense gene enters the cancer cells,

it should block their growth . In sum we have taken a virus and turned it into something that

should attack cancer cells instead of causing cancer.
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TITLE OF PROPOSAL: Antisense Retrovirus Gene Therapy for Metastatic

Breast Cancer

We plan to inject the vector (with its antisense gene) into fluid that is building up in

your [lungs, abdomen, brain] and that contain breast cancer cells. We do not expect normal
cells in your body either to die or even to be injured because the vector targets breast cells

and the only breast cells in this region of your body are cancer cells.

Procedures to be followed:

You will be admitted to the Clinical Research Center where you will have a complete
physical exam, blood, and urine tests to determine your overall health. The amount of blood

drawn from you will be no more than a tablespoon at any one time, and will be less than one
pint over the entire treatment period. At this time you will have a chest X-ray and a

electrocardiogram. Additional tests may be required depending on your state of health and
prior treatments. You will also have a pregnancy test if you are less than 55 years of age. A
CT scan will be done to assess the amount that your breast cancer has spread into your body
fluid. A CT scan produces similar pictures but uses X-rays. The type of scan done will depend

on your prior therapy and the extent of your cancer. Each scan takes about 60-90 minutes.

We plan on you spending four days in the Clinical Research Center for the initial 4
infusions of virus vector. Each day we will draw a similar, small blood sample from a vein in

your arm which will be used for tests to ensure that there is no spreading of the virus into the

blood We will also place a needle into your body to remove the fluid which contains breast

cancer cells and to infuse the vector into the fluid where the cancer is located. Fluids which
contain cancer cells are found generally in one of three places: the peritoneum which is the

lining or the belly surrounding the intestines, the pleura which is the lining of the chest

surrounding the lungs, and the cerebrospinal fluid which is the fluid which surrounds the

brain and spinal cord. We will withdraw fluid from the site where your cancer cells are

present, and infuse virus vector for each of the four days that you are in the Clinical Research
Center. The fluid which is removed will be analyzed to determine:

1. The percentage of cancer cells which are taking up the vector/gene combination

2. The number of cancer cells present in the fluid

3. Whether cancer cells are being killed by the therapy

While you are in the Clinical Research Center you will be continuously monitored, and

will have an EKG. After the four day period in the Clinical Research Center you will be

discharged, but will be asked to return at day 7 for a blood sample and a fluid sample. On day

14 you will be asked to return for a blood sample, fluid sample, and an MRI or CAT scan to

assess whether there has been a significant change in your breast cancer. This treatment in no

way interferes with other treatment options for your cancer. After completion of the vector

infusions, you may immediately start chemotherapy, radiation, pleurodesis, etc, depending

upon the recommendation of your cancer specialist. Because this is experimental research, we
expect to follow you for a long time to determine the long term effects of this treatment, and

will request an autopsy when you die.
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Because this is a new experimental treatment, you will not be charged for any of the

costs of this study. Specifically, you will not be charged for hospitalization in the Clinical

Research Center, fluid removal or infusion of the retroviral vectors, testing on fluid, or

testing on blood.

You can stop participating in this study at any time.

ITEM #2: The parts of this study that are being done solely for this study are:

The entire study.

ITEM #3: The discomforts, inconveniences, and/or risks that can reasonably be expected are:

Because the first four days of the study will take place in the Clinical Research Center,

you will have the inconvenience of being confined to your hospital room for this period.

There may be some discomfort from the daily blood drawing, with the possibility that a

bruise could develop at the site where blood is drawn. The placement of a needle or catheter

into your body (to remove fluid and then infuse vector/gene combinations) may cause some
discomfort, with the possibility that bleeding or infection could occur at this site. It is possible

that you may have an allergic reaction to the infusion, although this should be a rare

complication since no animal serum is used to prepare the vector for infusion. It is also

possible that the retroviral vector will kill many of the tumor cells (tumor ceil death is called

necrosis) which could produce a strong local tissue reaction and could produce changes

throughout your body and blood which are similar to those which result from some forms of

chemotherapy. The removal or infusion of fluid could affect your heart and may lead to heart

failure in rare instances.

Risk of retroviral gene therapy:

Although the retroviral vectors employed in this trial are unable to reproduce or

replicate, unknown or uncommon side effects may occur since they are a new untested form

of cancer treatment. Your doctor will follow you closely to see if any side effects are indeed

occurring. Routine blood tests will be done to monitor the effects of treatment.

NOTE: Immediate necessary care will be provided without charge by Vanderbilt University

if you are injured because of participation in this research project. However, there

is no provision for the costs of further medical care or for monetary compensation

for such injury.
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ITEM #4: The possible benefits to you from this study are:

Your cancer may shrink as a result of the infusion of viral antisense vector

into tumor cells, control symptoms, and/or prolong your survival. However, we cannot

guarantee any of these at this time.

ITEM #5: The benefits to sciences and to mankind that are sought by this study are:

Gene therapy is a new and emerging technology which many hope will become a

powerful mode of treatment in the future. This study is designed to develop

effective means of delivering genes into cancer cells, to learn how to improve the

delivery of vims vectors into human cancer cells, and hopefully to specifically

inhibit tumor cells from growing and.,spreading.

ITEM #6: (a) Alternate procedures that might be advantageous, but which will not be used

are:

No alternative forms of treatment are known to be advantageous for patients in

your situation. If you decline to participate in this study, you would of course receive standard

medical care aimed at making you comfortable and providing whatever other benefits are

possible with present methods.

(b) The reasons for not using them are:

We could not do the study.

ITEM #7: Your rights of privacy will be maintained in the following maimer:

(1) All data obtained on you during the course of this study will be kept

confidential and will be accessible only to the principal investigator and his/her assistants on
this project: except as stated elsewhere.

(2) Should the results of this project be published, you will be referred to only by

number.

NOTE: YOU ARE FREE TO WITHDRAW THIS CONSENT AND TO DISCONTINUE
PARTICIPATION IN THIS STUDY OR ACTIVITY AT ANY TIME

If you choose to withdraw after removal of fluid but before the injection of the vector

then you might suffer from dehydration (loss of body fluid). Withdrawal at

other times would have no special risks.
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TITLE OF PROPOSAL: Antisense Retrovirus Gene Therapy for Metastatic

Breast Cancer

STATEMENT BY PERSON AGREEING TO PARTICIPATE IN THIS RESEARCH
PROJECT:

[ ]
(a) I have read this Consent Form. All my questions have been answered and I freely

and voluntarily choose to participate I understand that I may withdraw at any time. I

understand that my rights and privacy will be maintained. I also understand that in the

event this study is being funded through the Department of Health and Human Services

(DHHS), The National Institutes of Health (NIH) ... the Secretary of the Department of

Health and Human Services or his designated representatives (such as the Food and Drug
Administration) does have free access to any information obtained in this study should it

become necessary. I also understand that when a research study involves the use of drugs

and the study and/or the drugs are sponsored by an "independent organization" (that is,

not sponsored by the Department of Health and Human Services or any other federal

agency), the records of that study are accessible to the study/drug sponsors under the

conditions outlined in the Food and Drug Administration (FDA) Guidelines. I also

understand that in such independently sponsored studies, the FDA also has access to these

records should it become necessary.

I agree to become a participant in this program.

[ ] (b) The material contained in this Consent Form has been explained to me orally. All

my questions have been answered and I freely and voluntarily choose to participate. I

understand that I may withdraw at any time. I understand that I may withdraw at any

time. I understand that my rights and privacy will be maintained. I also understand that,

in the event this study is being funded through the Department of Health and Human
Services (DHHS), The National Institutes of Health (NIH) ... the Secretary of the

Department of Health and Human Services or his designated representatives (such as the

Food and Drug Administration) does have free access to any information obtained in this

study should it become necessary. I also understand that when a research study involves

the use of drugs and the study and/or the drugs are sponsored by an "independent

organization" (that is, not sponsored by the Department of Health and Human Services or

any other federal agency), the records of that study area accessible to the study/drug

sponsors under the conditions outlined in the Food and Drug Administration (FDA)
Guidelines. I also understand that in such independently sponsored studies, the FDA also

has access to these records should it become necessary.

I agree to become a participant in this program.

(Date) (Signature of Volunteer)

(Date) (Signature of Witness
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Scientific Abstra

1. Scientific Abstract. Cystic Fibrosis (CF) is a common, lethal hereditary
disorder dominated by respiratory disease. The purpose of this protocol is to
evaluate the ability of repeat administration of a replication deficient re-
combinant adenovirus (Ad) vector to safely and effectively transfer the normal
human cystic fibrosis transmembrane conductance regulator (CFTR) cDNA to the
epithelium of large bronchi. The vector to be used, Ad^CFTR-lO, is an El* E3*

Ad 5 -based vector with an expression cassette in the El region that includes
the cytomegalovirus early promoter/enhancer, the CFTR cDNA, and the SV40
stop/poly A signal. The study includes a total of 26 individuals treated over
a period of 180 days. It will initially define the safety and pharmacodynamics
of expression of the normal CFTR cDNA in the airway epithelium following sin-
gle dose administration of ascending doses of the vector to the airways in
different individuals. Once the dose schedules are defined, it will evaluate
repeat administration at these doses, using extensive laboratory and clinical
parameters to determine safety and surrogate biologic parameters to evaluate
chronicity of expression. Relative to the Pi's ongoing study (Rockefeller Uni-
versity IRB and Biosafety Committee RCR-029-0394

,
NIH DNA Recombinant Advisory

Committee (RAC) 9212-034, Food and Drug Administration (FDA) BB IND 4855) of
in vivo Ad mediated CFTR cDNA transfer to the airway epithelium in CF, the new
key elements of this study are: (1) administration of the vector to more lo-

calized areas of the airways; (2) more careful definition of the pharmacody-
namics of expression of the normal CFTR cDNA; (3) evaluation of expression of
the normal CFTR cDNA following repeat administration; and (4) the use of a

more active promoter/enhancer in the expression cassette.
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Non-Technical Abstract

2. Non-Technical Abstract. Cystic fibrosis (CF) is the most common lethal
hereditary disorder of Caucasians in the U.S. The major manifestations are in
the lung, with thick, sticky mucus, chronic infections and inflammation. The
average life span is approximately 28 years. The disease is caused by inherit-
ed abnormalities of the cystic fibrosis transmembrane conductance regulator
(CFTR) gene. Because of these genetic abnormalities, the cells lining the air-
ways cannot move salt in a normal fashion, causing the mucus abnormalities,
infection and inflammation and consequent progressive damage to the lung. In
the context of laboratory studies demonstrating that transfer of the normal
CFTR gene to the airway cells of individuals with CF will compensate for the
abnormalities in the CFTR gene and permit airway cells to function in a normal
fashion, this protocol is directed toward using a modified adenovirus to trans-
fer the normal CFTR gene into the cells lining the airways of individuals with
CF. Following a period of baseline evaluation, a defective adenovirus (which
reduces the possibility of multiplication) will be instilled into the airways
of individuals with CF. A variety of biologic and clinical parameters will be
used to assess safety and biologic efficacy (the ability of the treatment to

correct the abnormalities in the cells lining of the airways as assessed by
laboratory tests). A total of 26 patients will receive the modified adenovi-
rus, at various doses and time intervals. At the conclusion of this study, it

should be possible to assess whether this strategy of compensating for the
genetic abnormalities of CF will be a rational approach to treat the respi-
ratory manifestations of this disease on a continuing basis.
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1 . Background

Cystic fibrosis is a recessive hereditary disorder caused by mutations of the
cystic fibrosis transmembrane conductance regulator (CFTR) gene. It is the
most common lethal hereditary disorder in the USA (1) . The disease is confined
mostly to the Caucasian and Hispanic population, although Blacks and Asians
can be affected (1,2). Parents of affected individuals have no clinical mani-
festations of CF. Males and females are equally at risk. In Caucasians, 1 in
20 are heterozygotic carriers and the incidence is 1 in every 3000 live
births. In Hispanics, the incidence is 1 in 7000 births. Each year, 1,300
people are born in the U.S.A. with CF. There are an estimated 25,000 indivi-
duals in the USA with CF, and approximately 50,000 worldwide (Cystic Fibrosis
Foundation, Bethesda, Md.

,
personal communication).

The clinical manifestations of CF are primarily in the lung, intestinal tract,
pancreas and liver (1,3). The respiratory manifestations dominate, with thick
mucus

,
chronic airway infections and inflammation beginning in early childhood

and leading to progressive loss of lung function. Intestinal problems are most
common in infants and include meconium ileus and intussusception. The exocrine
glands of the pancreas are destroyed causing pancreatic enzyme deficiency and
malnutrition. Diabetes can occur, as can liver failure. There is no cure for
CF. The median survival in the USA is 29 years. Current treatments only ame-
liorate symptoms. Therapies involve administration of antibiotics, physical
chest manipulations for bronchial drainage, aerosolized DNase, physical ex-

ercise, oral pancreatic enzymes, vitamins and dietary management. Lung trans-
plantation has been carried out in CF individuals, but the efficacy of this
procedure is not proven, and obtaining suitable donor organs is a major prob-
lem (4). The cost of this disease is significant. Beyond the personal trage-
dies for the affected individuals and their families, there are the associated
costs of medical care. The average cost of drugs, diet supplements and medical
equipment is $27,500 annually per patient. One to two hospital admissions per
year are necessary for 38% of CF individuals.

1.1 Respiratory Manifestations. Inherent in the concept that the morbidity and
mortality associated with CF might be reversed by in vivo transfer of the

normal CFTR gene to epithelial cells of the lung is the knowledge that the
clinical manifestations of CF are dominated by abnormalities manifest on the

epithelial surface of the airways (5). While CF is also characterized by ex-

ocrine pancreatic insufficiency and high concentrations of sodium chloride in

sweat, the pulmonary manifestations are, by far, the most common life threat-
ening aspects of the disease. The earliest observed morphologic lesions are
mucous obstruction of small airways and inflammation of the bronchiolar walls

(6)

. Bronchoalveolar lavage studies demonstrate neutrophil-dominated inflamma-
tion in airway epithelial lining fluid of infants with CF as early as age 1

(7)

. As the disease progresses, there is inflammation of large and small air-

ways, hypertrophy of submucosal glands, and a general increase in the numbers
of secretory cells. There is obstruction of airways with mucous. Chronic in-

fection of the airways develops, with accompanying acute and chronic inflamma-

tion. With increasing cycles of mucus obstruction, infection and inflammation,
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the airways become damaged, culminating in bronchiectasis. Although the dis-
ease is primarily based in the airways, the mucus obstruction, inflammation
and infection commonly extends to the peribronchiolar alveolar structures,
causing fibrosis and alveolar destruction. In the late stages of the disease,
the lung is markedly deranged with dilated and sometimes stenosed airways,
emphysema, and peribronchiolar and interstitial alveolar inflammation and
fibrosis (6) .

Infection plays a prominent role in the pathogenesis of the derangements of
the lung in CF. The infection is primarily endobronchial and is chronic, with
acute exacerbations. The most common organisms involved are Hemophilus influ-
enzae . Staphylococcus aureus . and Pseudomonas aeruginosa . The fact that the
infection is confined to the lung argues strongly that the host defense prob-
lems permitting the infection are local rather than systemic (5,8). The patho-
biologic processes permitting chronic infection of the airways are not fully
understood, but may involve abnormalities in the volume, physical properties
and/or characteristics of mucus in the respiratory tract (9). In addition, the
dysfunctional and/or damaged airway epithelial cells may permit organisms such
as P. aeruginosa to adhere to the epithelium, permitting chronic colonization

( 10 ).

'

Concomitant with the infection is chronic intense inflammation of the airways
that is dominated by neutrophils. Mononuclear phagocytes and lymphocytes play
a lesser role. Sputum and lavage fluid analyses of CF patients reveal large
concentrations of inflammatory mediators, particularly neutrophil proteases
(11). Bacterial proteases, including Pseudomonas elastase are present, but to

a far lesser extent (12). Concomitant with the response to the infection,
inflammatory cells in the local milieu are chronically releasing large amounts
of oxidants (13). Together, the mediators released by the inflammatory cells
overwhelm the normal anti-inflammatory defense screen of the epithelial sur-
face, and interfere with local host defense processes in the airways (11,13).
The inflammatory mediators also exaggerate epithelial cell secretion (14),
thus perpetuating the increased mucus production that characterizes the dis-
ease. Consequent to this chronic, overwhelming inflammation, there is progres-
sive damage to the epithelium culminating in the bronchiectasis and other
permanent derangements of the lung that characterize CF.

The clinical manifestations of CF reflect the progressive derangements to the
airways (1). Early in the disease there is cough, together with respiratory
tract infection. The sputum becomes thick and purulent. There is a long period
of chronic bronchitis with acute exacerbations. Eventually, the permanent
derangements of the respiratory tract cause symptoms of shortness of breath.
The cycles of chronic and acute infection eventually culminate in limitation
of activity, weight loss, and end- stage lung disease with hypoxemia, pulmonary
hypertension, cor pulmonale and death (1,15).

1.2 Current Therapy. Outpatient therapy includes frequent postural drainage
and chest percussion, aerosolized DNase, administration of antibiotics, and
bronchodilators . Most clinicians agree regarding the benefits of postural
drainage and chest percussion; some advocate it for all patients while others
reserve it for those with copious sputum production. Some centers advocate
continuous antibiotic therapy while others reserve antibiotics for documented
infections. Aerosolized DNase has recently been approved for therapy and its
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use is increasing to help keep the airways clear. Bronchodilator therapy may
give symptomatic relief but the response is not universal . The value of other
therapeutic strategies such as mucolytics

,
expectorants, chronic corticoster-

oids or other anti-inflammatory agents remains unproven. Early vaccination for
measles and pertussis are recommended as is yearly influenza vaccination. In-
patient therapy is necessary when there are exacerbations of pulmonary infec-
tions or complications of CF lung disease such as hemoptysis, pneumothorax,
respiratory failure, pulmonary hypertension, and cor pulmonale. For acute
infections requiring hospitalization, empiric antibiotic therapy is necessary
at first but is then based on culture and sensitivity results from respiratory
secretions . Patients with acute infections are also given increased postural
drainage and chest percussion, bronchodilator therapy, and occasionally corti-
costeroids. The treatment of the lung complications of cystic fibrosis does
not differ from the treatment of other chronic lung disease states.

1.3 Rationale for Gene Therapy. The identification of the CFTR gene in 1989
(16-18) opened the door to strategizing therapies for CF in which the normal
gene would be transferred to somatic cells of individuals with CF, thus re-
versing the biologic abnormalities consequent to mutations of the two parental
CFTR genes. Because the respiratory manifestations of CF dominate the clinical
picture, it is the most rational target for gene therapy for this disorder.
The concept that the respiratory manifestations of CF are a good candidate for
gene therapy is based on several facts. First, the respiratory disease is con-

fined to the epithelium of the airways. In vitro studies have demonstrated
that the CFTR protein is a Cl' channel that modulates the secretion of Cl* in
response to elevations of intracellular cAMP (19-23)

.

Mutations of the CFTR
gene render epithelial cells unable to modulate Cl' permeability through the

cAMP pathway (24-27). It is this biologic abnormality that is believed to

cause the respiratory manifestations of the disease (3,28,29). Second, in
vitro studies have shown that transfer of the normal CFTR cDNA to epithelial
cell lines derived from individuals with CF can override this abnormality and
permit the cells to secrete Cl* in response to increased intracellular cAMP

(22,23). Finally, the lethal consequences of mutations of the gene occur al-

most exclusively in the lung (3). Together, these concepts suggest the feasi-
bility of somatic gene therapy for CF, i.e., it should be possible to correct
the pulmonary manifestations caused by mutations of the CFTR gene by directly
transferring the normal human CFTR cDNA to airway epithelial cells.

The architecture of the airways demands that if gene therapy for the respira-
tory manifestations of CF is to be successful, the transfer of the normal CFTR
cDNA to the airway epithelium will have to be carried out in vivo via the air
side of the epithelium. On clinical and technical grounds it is not possible
to use ex vivo strategies to remove the epithelium, insert the normal cDNA and
replace the existing epithelium. The adult human airways have a surface area
of 1-2 m2

. There are at least 6 major epithelial cell types, with the majority
of the cells terminally differentiated. Human airway epithelial cells can be
cultured, but the methods are primitive, the differentiated state of the cells
is not necessarily the same as that in vivo . the growth factors are not known,
and neither the normal cell ontogeny, nor the airway epithelial stem cell popu-

lation is clearly defined (30). Most importantly, the dichotomous branching
nature of the airways precludes any strategies to remove the epithelium and/or
introduce corrected autologous airway epithelial cells. Together, these facts

argue strongly for an in vivo approach to gene therapy. The anatomy dictates
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that this is feasible only through the air side of the epithelium. Unlike the
lower respiratory tract which gets its blood supply from the pulmonary capil-
laries, the airways are supplied by the bronchial circulation, an arterial
system comprised of multiple branches derived from the aorta (31) . Although it

is feasible to place catheters into the bronchial circulation, their multi-
plicity and variability make this approach very cumbersome. Further, even if
the transfer vector could be delivered to the airways via the bronchial circu-
lation, the cDNA would have to cross the endothelium, the endothelial basement
membrane, the interstitial space, and the epithelial basement membrane before
entering the basolateral surface of the epithelium; this possibility is un-
likely .

1.4 Normal and Abnormal Cystic Fibrosis Transmembrane Conductance Regulator
(CFTR) Gene. The gene responsible for CF, the CFTR gene, is a 27 exon gene
spanning over 250 kb on the long arm of human chromosome 7 at q31-q32
(17,18,32). CFTR mRNA transcripts are about 6.5 kb in length; of this, 4.5 kb
code for the CFTR protein. The structure of the putative CFTR gene product is

a 1480 residue glycoprotein. There is (N- to C-terminal) a membrane -spanning
domain with six membrane -spanning segments, a nucleotide (ATP) -binding fold
(NBF)

,
a large polar R (regulatory) domain which contains multiple potential

phosphorylation sites, a second similar membrane -spanning domain and a second
NBF (17). More than 220 sequence variations of the CFTR gene have been identi-
fied, of which about 170 are associated with the clinical manifestations of

CF. The mutations include missense, nonsense, frame -shift, and splicing muta-
tions, and small deletions and insertions (28). Most of these mutations are
scattered throughout the coding region of the gene. Many different mutations
have been found at the highly conserved region of the first NBF (28) ,

suggest-
ing that the first NBF is important to CFTR function. The most common mutation
is AF508

,
a deletion of 3 nucleotides resulting in loss of phenylalanine at

residue 508, a region coded by sequences in exon 10 in NBF1 . AF508 accounts
for 60 to 70% of the CF mutant alleles (33). G551D, S549I, A455E, and G542X
account for 10-20% of the non-delta F508 mutations (33). Most other mutant
alleles are rare, with some represented by only a single example. Studies of
correlations between specific mutations and severity of disease have shown
some variation in severity even in individuals with the same genotype. For
example, the severity of the respiratory disease in AF508 homozygotes can be
variable although most of these individuals have relatively severe pancreatic
insufficiency (33). "Null" mutations, including frameshift, nonsense, and
splicing mutations, have been found in compound heterozygotes [e.g., G542X/
S1255X or R553X/W1316X] . Interestingly, despite the fact that these indivi-
duals cannot produce CFTR, they only have mild pulmonary disease, suggesting
that the absence of CFTR is not incompatible with life (34,35).

1.5 CFTR Protein and Its Function. The CFTR predicted protein is a 1480 single
chain glycosylated polypeptide. Although the R- domain is unique to CFTR, the
two membrane spanning domains and the two nucleotide -binding folds that bind
and cleave ATP are also features of proteins in the traffic ATPase/ABC trans-
porter super family that includes prokaryotic periplasmic permeases, the STE6
yeast mating factor, and the P-glycoprotein multidrug resistance protein (36).

There are two predicted carbohydrate side chains, both in an external loop of
the C-terminal membrane spanning domain. Localization of the CFTR protein has
been difficult because many of the antibodies generated against predicted
peptides cross react with unidentified cellular components. It is generally
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accepted, however, that the protein is present in cell membranes of epithelial
tissues (37,41). CFTR has been localized to the apical membranes of pancreatic
ducts, intestinal epithelia, sweat ducts, and airway epithelia. There is in-
direct functional data suggesting CFTR may also be localized to organelle mem-
branes, including the Golgi apparatus (42). There is convincing evidence that
CFTR can function as a cAMP regulatable Cl' channel (21) . There is also evi-
dence that CFTR may have other functions, such as recycling of vesicles (43).
The regulation of CFTR as a Cl' channel is not completely defined, but it re-
quires phosphorylation of the R-domain mediated by cAMP activation of protein
kinase A (44 , 45)

.

1.6 Molecular Pathogenesis of Cystic Fibrosis. In normal cells expressing the
CFTR gene, the CFTR protein is produced as an unglycosylated polypeptide that
subsequently undergoes core glycosylation in the rough endoplasmic reticulum,
translocation to the Golgi, modification of the carbohydrate side chains to
their mature form, and final transfer to the apical membrane (37). In the com-
mon aF508 mutation, there is a deletion of Phe S08 in the first NBF. For unknown
reasons, glycosylation of this protein is incomplete, and normal translocation
to the apical membrane does not occur (37) . Cells homozygous for the aF508
mutation do not store the mutated form of CFTR, and it is likely degraded
(37). Other CFTR mutations such as aI 507 and S549I have a similar pattern of
incomplete glycosylation, but other mutations of CFTR code for a CFTR protein
glycosylated in a normal fashion (37,46). For the common aF508 mutation, the
central abnormality appears to be the lack of translocation of the mutant
protein, since delivery of the aF508 protein to the surface of the cell con-
veys to the cell the ability to secrete Cl' in response to cAMP, although the
aF508 Cl' channels have somewhat reduced activity compared to normal (47,48).
There is evolving evidence that CFTR may also function within intracytoplasmic
organelles (42,49). One consequence of a lack of CFTR function at these sites
is a higher pH within the organelle, causing dysfunction of intraorganelle
components such as enzymes that modify carbohydrate side chains of proteins
such as mucins (42)

.

1.7 Cell Targets for Gene Transfer in Cystic Fibrosis. The abnormal CFTR gene
is expressed in airway epithelial cells, but it is not known which airway epi-
thelial cells play a critical role in the pathogenesis of the disease i.e., it

may be a subset of cells or it may be all airway epithelial cells. The alveo-
lar epithelium is not a primary site of the clinical manifestations of muta-
tions of the CFTR gene. As the disease progresses, the mucus obstruction, in-

fection and neutrophil-dominated inflammation takes its toll on the normal
epithelial architecture. While the nasal epithelium is similar in CF and nor-
mals, in CF there are significant changes in the proportions of epithelial
cell types in the large bronchi, with fewer ciliated cells, and increased pro-
portions of basal, secretory and undifferentiated columnar cells. In the final
stages of the disease, small airways become completely obstructed with secre-
tions. There are bronchiectatic cysts occupying as much as 50% of the cross-
sectional area of the lung (1) and the bronchioles are stenosed and obliter-
ated. Bronchiectasis with marked derangements of the epithelial surface and
the bronchial wall is common.

The CFTR gene is expressed in the epithelium of the human nose, trachea and
bronchi (50). On the surface epithelium, expression is very low, averaging 1-2

mRNA transcripts per cell (50). Consistent with this observation, the sequence
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of the 5' flanking region of the CFTR gene has the characteristics of a house-
keeping-type gene, and the rate of transcription of the CFTR gene in normal
human bronchial epithelium is only 6% that of the /3-actin gene (51,52). The
absolute level of CFTR gene expression in airway epithelial cells of indivi-
duals with CF is not known, but the relative expression of the normal and
aF508 allele in heterozygotes is equal (50). Normal expression of the CFTR
gene may be higher in secretory epithelial cells, particularly in mucus gland
serous cells of the large airways, Clara cells in the distal bronchi, and in
type II alveolar epithelial cells. It is not known if this has direct rele-
vance to the pathogenesis of the disease. In regard to type II cell expres-
sion, this is a site where there is no clinical disease (except late in the
course of the disease, where there is a large scale derangement of pulmonary
architecture)

.

1.8 Pathogenesis of the Respiratory Manifestations of Cystic Fibrosis. Evi-
dence from a variety of sources strongly argues that the pulmonary manifesta-
tions of CF result from abnormal expression of the CFTR gene in epithelial
cells of the tracheobronchial tree. It is not clear, however, how the abnormal
expression of the CFTR gene product results in the abnormal mucus, coloniza-
tion with bacteria, and intense and chronic epithelial inflammation in the
lung that characterize the disease. The available evidence is consistent with
the concept that it is the inflammation that causes the progressive derange-
ments to the airways that result in respiratory impairment and eventual death
from respiratory failure. There is overwhelming evidence that respiratory
manifestations of CF are linked to mutations for the CFTR gene in both paren-
tal alleles (1) . Measurements of the transepithelial voltage of the tracheo-
bronchial tree (lumen voltage relative to the submucosa) of CF patients reveal
a higher voltage than that observed in normals, or in individuals with other
diseases of the tracheobronchial tree, consistent with the concept that there
is a local abnormality in electrolyte transport (53) . In vivo evaluation of
the airway epithelium of individuals with CF receiving lung transplantations
demonstrates a normal voltage (54). Primary cultures of airway epithelial
cells demonstrate abnormalities in Cl' permeability and an inability to se-

crete more Cl" in response to stimuli that increase intracellular cAMP (23)
i.e., the epithelial cells of individuals with CF demonstrate an abnormality
in regulation of Cl' transport independent of any systemic factors. Consistent
with these observations, permanent airway epithelial cell lines established
from CF patients manifest the Cl' channel abnormality (23,55-57). Single chan-
nel patch-clamp studies have demonstrated the Cl' abnormality is manifest on
the apical membrane of airway epithelial cells (24-27). When the patches were
attached to the CF cells, the abnormality in Cl' permeability was evident.
However, when the apical patches were excised, the Cl' channel could be made
to function i.e., the CF abnormality is directly expressed in airway epitheli-
al cells and appears to involve the regulation of apical Cl' channels. Final-
ly, in vitro transfer of the normal human CFTR cDNA into airway epithelial
cells from individuals with CF corrects the characteristic abnormality in Cl'

transport (23)

.

While the link between mutations in the CFTR gene and the respiratory abnorm-
alities of cystic fibrosis is definitive, the mechanisms involved in the
pathogenesis for the airway disease is not. There are two general hypotheses,
not mutually exclusive, that explain the process. First, the respiratory mani-
festations may result from changes in the electrolyte milieu on the surface of

Recombinant DNA Research, Volume 20
[
201 ]



the airway epithelium. In this scenario, trans -epithelial electrolyte trans-
port likely modulates the quantity and composition of respiratory tract epithe-
lial fluid. Thus, an inability to actively transport Cl' from the submucosa to
the epithelial surface in a normal fashion would limit H 2 0 from being secreted
from the epithelium in a normal fashion. Consequently, the airway secretions
would be relatively dehydrated, providing a rational scenario for the subse-
quent development of mucus obstruction, infection and inflammation. Second,
the respiratory disease results from processes internal to the respiratory
epithelial cells. In this scenario, there may be abnormalities in the pH of
intracellular organelles causing dysfunction of enzymes modifying mucins or
abnormal expression of cell components that interact with microorganisms such
as Pseudomonas . In either scenario, demonstration of normal CFTR mRNA ex-
pression in the airway epithelium would constitute a significant advance in
developing gene therapy for CF.

It is also not known whether all airway epithelial cells are involved in the
pathogenesis of the airway disease, or only a subset. If the "exterrfal elec-
trolyte milieu" hypothesis is correct, it is likely that most, if not all of
the epithelium is involved, consistent with the widespread (albeit low) ex-

pression of the CFTR gene in the surface airway epithelium. Alternatively, if

the "internal milieu" hypothesis holds, a subset of cells, such as mucus pro-
ducing cells, may play a dominant role. Independent of the mechanisms leading
to the abnormal mucus, bacterial colonization and inflammation, there is gen-
eral agreement that the intense neutrophil -dominated inflammation deranges the
airway epithelium (11,12). While a variety of mediators are likely involved,
injury to the epithelium is mediated to a large extent by neutrophil elastase
and neutrophil -generated oxidants (11,13,58).

In summary, the available evidence presents an overwhelming case for the fun-

damental abnormality in the lung of CF patients to be an abnormality in ex-

pression of the CFTR gene in the airway epithelium. This strongly supports the

concept that it is rational to use gene transfer directly to airway epithelial
cells to correct the CF defect that ultimately causes the major clinical mani-
festation of the disease. One strategy to accomplish this is to utilize a

replication deficient recombinant adenovirus that contains an active promoter
and a normal CFTR cDNA (59). In addition to the ability to accommodate a large
(up to 7.5 kb) exogenous cDNA, the adenovirus has the advantage of being trop-

ic for respiratory epithelium and capable of transferring recombinant genes
into non-proliferating cells. The recombinant adenoviral approach has been
successful in transferring the human al- antitrypsin gene to the respiratory
epithelium of experimental animals in vivo (60) and directly relevant to this

protocol, recombinant adenovirus containing a normal CFTR cDNA is successful
in mediating jin vivo transfer and expression of the human CFTR gene to the

respiratory epithelium of the lungs of experimental animals (59). Further, a

recombinant adenovirus containing the human CFTR cDNA will correct the Cl'

secretory abnormality of epithelial cells of individuals with CF in vitro. In

contrast to the adenovirus, there is currently no other vector system capable
of transferring the CFTR cDNA to the airway epithelium in vivo with efficacy
and efficiency necessary to treat the disease. The only other vector system
that has been shown to mediate in vivo transfer of the human CFTR cDNA to the

respiratory epithelium jji vivo in experimental animals is double stranded
circular DNA plasmids combined with liposomes (61) ,

and more recently with an

adeno-associated vector (62). However, the extent of expression with these
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vector systems are limited.

1.9 Progress Report - New York/NIH Gene Therapy Study. The principal in-

vestigator (RGC) is the principal investigator of an ongoing human gene ther-
apy study utilizing a replication deficient adenovirus vector (AdCFTR) to

transfer the normal human CFTR cDNA to the nasal and airway epithelium of
individuals with CF (Rockefeller University IRB and Biosafety Committee RCR-
029-0394, NIH DNA Recombinant Advisory Committee 9212-034, Food and Drug Ad-
ministration BB IND 4855). To date, 7 individuals have been treated (see Ap-
pendix Al . 1 for details regarding sites of administration, doses, volumes;
Appendix Al . 2 for details regarding biologic efficacy; Appendix Al . 3 for de-
tails regarding shedding; Appendix Al.4 for details regarding immunity; and
Appendix Al . 5 for details regarding safety. In one of these individuals (2A,

2xl0 9 pfu administered to the airways in a volume of 20 ml)
, administration of

the vector to the airways was associated with a transient local and systemic
syndrome likely mediated by inflammation induced by the vector. The details of
this syndrome are in Appendices Al.l-Al.5.

2. AdgvCFTR.10. The adenovirus vector AdcvCFTR.lO is based on the Ad5 genome
(Appendix A2.1). It is missing the Ela and most of the Elb sequence, and thus
is replication deficient, and is missing the majority of the E3 sequence.
AdcvCFTR.10 contains an expression cassette that includes the cytomegalovirus
early proraoter/enhancer

,
an artificial splice sequence, followed by the normal

human CFTR cDNA and then the SV40 stop/polyA sequences. The infectious vector
is produced in the 293 human embryonic kidney cell line which supplies the Ad5
sequences in trans (59,63). Following production, the vector is purified by a

combination of multiple CsCl' gradient centrifugation steps and dialysis (59).
The vector is stored frozen in a glycerol - salt solution.

2.1 Construct. The left end of the AdcvCFTR-lO construct has been sequenced
through the region of recombination with Ad5 that follows the expression cas-

sette. The sequence confirms the fidelity of the expression cassette (Appendix
A2 . 2 ) .

2.2 Pre-Clinical Studies. In regard to in vitro efficacy, similar to Ad vec-
tors of similar overall design (59; NIH DNA Recombinant Advisory Committee
9212-034) in vitro studies with HeLa and the HS24 human lung carcinoma cell
lines and an epithelial cell line derived from individuals with CF demonstrat-
ed that AdcvCFTR.10 directed the expression of CFTR mRNA and protein, and cor-

rected the defect in cAMP-mediated Cl' secretion that characterizes cystic
fibrosis (Appendix A2.3). In regard to in vivo efficacy, a variety of studies
with adenovirus vectors similar in design to AdsvCFTR . 10 demonstrated that in

cotton rats and non-human primates, administration of the vector to the respi-

ratory tract results in expression of the normal human CFTR CDNA in the airway

epithelium at the mRNA and protein levels (NIH DNA Recombinant Advisory Com-

mittee 9212-034; Food and Drug Administration BB IND 4855; 59, 64). Studies

with respiratory tract administration of Ad^yCFTR-lO to cotton rats demon-

strated human CFTR cDNA expression in the lung at the mRNA and protein levels

(Appendix A2.4). In regard to previous in vivo safety, a variety of studies

with adenovirus vectors similar in construction to AdcvCFTR.10 demonstrated

that in cotton rats and non-human primates, administration of the vector to

the respiratory tract results in dose -dependent inflammation in the walls of

airways, blood vessels and alveoli, with no clinically apparent sequela to the
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animals (NIH DNA Recombinant Advisory Committee 9212-034; Food and Drug Ad-
ministration BB IND 4855; 65). Studies with repeat respiratory tract ad-
ministration of Ad^vCFTR.10 to cotton rats demonstrated dose -dependent inflam-
mation after the initial administration, but only minimal inflammation after
repeat administration, with no clinically- related sequela (Appendix A2.5).

2.3 Clinical Preparation. The clinical lots of Ad^CFTR.10 will have titers of
2xl0 9 - 2xl0 10 pfu/ml. Storage will be in glycerol - salt solution at -70°. All
lots will fulfill all of the in vitro and in vivo safety criteria established
by the FDA for adenovirus vector preparation, including the criteria of <1
replication competent adenovirus for the total clinical dose to be delivered.

3. Overall Design of the Clinical Study. The purpose of this protocol is to
evaluate the safety and biologic efficacy of repeat administration of the
AdcvCFTR.10 vector to the epithelium of the large airways of individuals with
cystic fibrosis. The study is divided into 3 parts. Part A is an ascending
single dose toxicity/gene expression study to define the pharmacodynamics of
expression of the normal CFTR cDNA in the airway epithelium following single
dose administration of the vector to the airways. Part B is designed to eval-
uate toxicity/gene expression of repeat dosing at the doses showing expression
in Part A, while part C is designed to evaluate toxicity/gene expression of
repeat dosing at a higher dose than that in part A. Compared to the Principal
Investigator's New York/NIH study (Rockefeller University IRB and Biosafety
Committee RCR-029 -0394 ,

NIH DNA Recombinant Advisory Committee 9212-034, Food
and Drug Administration BB IND 4855), the key differences are; (1) a more
active constitutive viral promoter (cytomegalovirus early promoter/enhancer
compared to the Ad2 major late promoter/tripartite leaders); (2) the promoter-
CFTR cDNA expression is 5' -3' toward the left inverted terminal repeat (to
minimize expression of viral genes distal to the expression cassette stop
signal); (3) an artificial splice sequence built into the junction of the
promoter and cDNA (to enhance expression); (4) a limited volume to administer
the vector via the bronchoscope (<1 ml compared to 20 ml in the original New
York/NIH study, to minimize alveolar deposition of the vector, and thus mini-
mize toxicity); (5) additional steps to purify the vector (to minimize vector-
induced toxicity); (6) administration to multiple airway sites, compared to 1

site (to maximize the assessment of gene transfer); and (7) repeat administra-
tion (compared to single administration). At the completion of this protocol,
a critical question will be answered - can an adenovirus vector safely and ef-

fectively be used to chronically maintain expression of the normal CFTR cDNA
in airway epithelial cells of individuals with CF?

Conceptual details of the design of each part of the protocol can be found in

Appendix A4 . In parts A and B, prior to administration of the vector, para-
meters for safety and expression will be evaluated in the control periods
(baseline and following administration of the vehicle used to suspend the

vector). In part C, the baseline and vehicle control for part A will be used,

since part C represents an extension of the dosing in part A. Safety and bio-
logic efficacy parameters will be evaluated periodically as detailed in sec-

tion 6-8. The vehicle or vector will be administered at each site via a cathe-

ter via a fiberoptic bronchoscope in a volume of 100 /xl

.

4. Inclusion/Exclusion Criteria

[204] Recombinant DNA Research, Volume 20



Inclusion criteria.
• Males or females 15 years or older
• Cystic fibrosis defined by routine clinical criteria, together with a

positive sweat chloride test and/or a CFTR genotype known to be associ-
ated with CF. The genotype of mutations of both CFTR alleles (abnormal
DNA sequences) can be of any type known to be associated with CF with
exception that individuals with two "null" mutations will be excluded.

• Sterile and fertile individuals will be included. If there is documented
sterility in males (semen analysis) and females (documentation of ab-

sence of uterus and/or ovaries), it will not be necessary to utilize
birth control measures. If the individual is fertile, they will agree to

take appropriate birth control measures to prevent pregnancy during the
course of the study.

• Lung disease typical of CF, with FEV1 > 1.2 L/sec
• Shwachman score 40-70 (mild to moderate disease) (15). If there is gas-

trointestinal or liver disease present, it must be mild and stable with
appropriate therapy.

• If diabetes mellitus is present, it must be stable, with no history of
diabetic ketoacidosis, hyperosmolar coma or hypoglycemia requiring hos-
pitalization within the previous three years.

• Demonstrated ability in the control period to undergo fiberoptic bron-
choscopy with brushing and biopsy of the large airways as necessary for

the protocol once weekly without significant complications that would
limit the use of this procedure.

• Not taking corticosteroids.
• Not taking experimental medications relevant to lung disease of CF for

at least 4 weeks prior to entry into the study.
• Ability to participate for the duration of the study, and to return for

follow-up studies as outlined in the protocol.
• During the AdcvCFTR.10 treatment period, ability and agreement to remain

in the hospital under appropriate isolation conditions, for 2 days after
administration of the vector.

• Culture of bronchial brush demonstrating no evidence of current adeno-
virus infection.

• No anatomic anomalies that would prohibit instillation of the vector and
recovery of respiratory epithelium as dictated by the protocol.

• No history of allergy to the contents of the vehicle used to suspend the

vector or medications used in the bronchoscopy procedure.
• Capable of providing informed consent, or in the case of minors (ages

15-17), the study will be explained as for those *18 years of age, but
consent will be given by the parent(s) or legal guardian as dictated by
the regulations of The Rockefeller University Hospital.

Exclusion criteria
• Unable to meet the inclusion criteria.
• In the 3 weeks prior to beginning the AdgvCFTR.10 treatment period, evi-

dence of active respiratory tract infection including evidence of fever,

rhinitis, pharyngitis, conjunctivitis, bronchitis or changes in sputum
requiring antibiotics or a change in antibiotics. If there is evidence
of active respiratory tract infection, the individual will be discharged
(after the respiratory tract infection stabilizes), and the individual
reevaluated 4 weeks later. If all of the inclusion criteria are met, the

individual will enter the AdcvCFTR.10 treatment period.
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• No evidence of cardiac, renal, central nervous system, major psychiatric
disorders, musculoskeletal disease or immunodeficiency disease (includ-
ing evidence of human immunodeficiency virus infection)

.

5. Safety and Biologic Efficacy Parameters. The study individuals will be
monitored with a variety of safety, biologic and efficacy parameters during
the control and Ad^vCFTR.10 treatment periods. The safety parameters are di-
vided into two categories, "general clinical safety parameters" to monitor the
individual's overall status as well as specific organ systems, and "vector-
specific parameters" relevant to the administration of a replication deficient
recombinant adenovirus. The biologic efficacy parameters are divided into
"primary" and "secondary" as detailed below. The definitions for all parame-
ters (including the list of all tests included under each parameter can be
found in Appendix A3. The times of assessment for each parameter are detailed
in sections 6-8.

5.1 Safety parameters. The general clinical safety parameters include: general
clinical assessment, general blood (CBC, ESR, clotting, chemistry, auto- im-

munity, general immunity, culture, HIV, future), urine (routine, culture),
EKG, roentgenographic (chest x-ray, chest CT)

,
lung function (routine, ABG)

,

sputum culture, bronchoalveolar lavage (cell number, type, culture, volume of
epithelial lining fluid, inflammatory mediators), nasal brush (cell number,
type)

,
bronchial biopsy (histology) . The vector related safety parameters in-

clude: anti -Ad antibodies, anti -Ad cellular immunity, adenovirus culture (na-

sal, pharyngeal, rectal, blood, urine), adenovirus DNA (nasal brush, bronchial
brush), and serum (for inflammatory mediators). The total maximum radiation
exposure for the roentgenographic parameters for each year of the protocol is

within the amount judged safe by The Rockefeller University Hospital and NIH
guidelines (less than 5 rads per year)

.

5.2 Efficacy Parameters. The primary biologic efficacy parameter will be quan-
titative PCR evaluation of Ad^CFTR. 10 -directed mRNA expression in bronchial
epithelial brush samples. Secondary efficacy parameters (all as optional mea-
surements depending on the amount of biologic materials available and the
standardization of the assays) include: bronchial brush CFTR protein by immun-

ohistochemistry
,
CFTR function by halide efflux, bronchial biopsy AdcvCFTR.10-

directed mRNA expression by PCR, CFTR protein by immunohistochemistry
,
and

bronchial potential difference.

The focus of these parameters is to demonstrate that the recombinant vector
will compensate for the endogenous abnormal CFTR genes to provide normal CFTR
gene-related expression to respiratory epithelial cells. The primary efficacy
parameter will be evaluated in bronchial airway epithelial cells obtained by

brushing the epithelium. The epithelial cells will be recovered periodically
during the control period and during the AdcvCFTR.lO treatment period. The

times of assessment of each parameter are detailed in sections 6-8.

The use of secondary efficacy parameters will depend on the availability of

biologic materials and the standardization of the assays. The CFTR protein
assay by immunohistochemistry will be carried out as previously described

(59). The CFTR-related function of the intact respiratory epithelial sheet
will be evaluated by quantifying the potential difference between the surface

of the airway epithelial and the subcutaneous tissues. In normal individuals
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Che potential difference is approximately 50% that of individuals with CF.

The bronchial potential difference assessment is currently being worked out.

The technique is similar to that used for nasal potential difference (53, 54)
except there is the problem that the local anesthesia used for the bronchos-
copy procedure blocks the Na* channels (and may have other changes as well)

.

Part A. Part A is designed to evaluate the safety of and the pharmacodynamics
of expression of CFTR mRNA directed by a single administration of the vector
in the respiratory epithelium. Seven groups of patients will be evaluated in
part A, with n=2 in each group (i.e., a total of 14 individuals will be stud-
ied in group A). The total number of 14 individuals is justified by the need
for 2 patients/dose group to reproducibly assess safety and biologic efficacy
and by the need to increase the dose slowly. Each individual will serve as

their own control, by comparing parameters in the initial baseline period and
the vehicle control period to the Ad^vCFTR.lO treatment period. The study in-

dividuals may go through the baseline period and vehicle control period at any
time prior to entering the Ad^CFTR-lO treatment period, but if the time
between the end of the vehicle control period and beginning of the treatment
period is greater than 2 months, an additional day 1 (except for the CT scan,

see Appendix A5.1) baseline evaluation will be carried out within 10 days
prior to starting the treatment. In the description of baseline, vehicle con-
trol, and AdcvCFTR.10 treatment periods that follows, there is an accompanying
time chart that details the time for assessment of various safety and efficacy
parameters. A list of the parameters within each category are in section 5.1

and the abbreviations used can be found in Appendix A3

.

6.1 Baseline Period/Part A. Prior to start of the baseline period, there will
be an initial evaluation to examine safety and efficacy parameters. This data,
plus the data gathered throughout the baseline period will determine if the

individual is eligible to continue in the protocol (see Inclusion and Exclu-
sion criteria, section 4). If eligible for the remainder of the protocol, the

individual will enter the vehicle control period within 3 months following the

completion of the baseline period. Following the initial evaluation, the base-
line period will include a 2-3 day inpatient evaluation and outpatient evalua-
tion. The baseline period will be used to evaluate the reproducibility of var-

ious parameters as well as the ability of the individual to meet the inclu-
sion/exclusion criteria.

6.2 Vehicle Control Period/Part A. The vehicle control period will be to eval-

uate the same safety and efficacy parameters evaluated in the baseline period,
except that the vehicle to be used in the Ad^vCFTR-lO preparation will be ad-

ministered to the bronchi in a fashion identical to that in the Ad^vCFTR-lO
treatment period. The vehicle control period will include a 2-3 day inpatient
evaluation and outpatient evaluation. The individual must enter the vehicle
control period within 3 months of completing the baseline period. If the time

since ending the baseline period is greater than this period, there will be a

reassessment of the safety and efficacy parameters as detailed in above.

6.3 Ad^vCFTR.10 Experimental Treatment Period/Part A. The 7 groups will be

used to evaluate ascending doses of the vector, from 10 6 to 10 9 pfu/site (in

1/2 log increments). Each individual will receive 3 doses (during the same

bronchoscopy procedure), in three different sites in the same lung at the lev-

el just distal to the lobar bronchi (i.e., the total dose for each patient in

Recombinant DNA Research, Volume 20 [207]



Che first group will be 3xl0 6 pfu) . To minimize the risk from spread of the
vector, the patient will be in isolation for 2 days after administration of
the vector to the lung. After administration of the vector, the patient will
be evaluated with the safety and efficacy parameters as detailed in the time
line in Appendix A5 . 3 . For part A, the intervals between starting new patients
will be 2 weeks between patients at the same dose, 3 weeks between patients at
new doses. The 7 groups in part A will receive a single administration of the
vector as follows (doses in pfu; each dose to be delivered in 100 /il) .

Patient #

Dose at

each
site
(pfu)

# of sites of
administration Sites

Total dose to

be administered
to each patient

(pfu)

1A, IB lxlO 6
3 Each site in

same lung, each
just distal to

lobar bronchi

3xl0 6

2A, 2B lxlO 6 5
3 Same 3xl06S

3A, 3B lxlO 7
3 Same 3xl0 7

4A
,
4B lxl07S 3 Same 3xl07S

5A, 5B lxlO 8 3 Same 3xl0 8

6A, 6B lxlO85 3 Same 3xl08S

7A, 7B lxlO 9
3 Same 3xl0 9

For each site, the estimated surface area that will be exposed to the vector
is 4 cm 2

,
to yield estimated multiplicity of infections (MOI) of 0.25 to 250

(assuming each cell has an apical surface area of 10/im x 10/im) . Following ad-

ministration of the vector the vector on day 1, the individual will undergo
fiberoptic bronchoscopy on several occasions to evaluate Ad^CFTR. 10 -directed
expression of CFTR until expression is no longer observed in two successive
evaluations. Details of the time intervals to be used are in the time line,

Appendix A5 . 3

.

The individual will enter the treatment period within 2 months after complet-

ing the vehicle control period. Prior to the administration of the vector,

there will be a reassessment of all parameters (except for the CT scan) if

the vehicle control period was greater than 2 months. The individual will then

be ready for administration of the vector on day 1 of the treatment period.

The 2 individuals in each treatment group will be staggered by a minimum of 2

weeks to insure that no serious acute adverse reactions have occurred at the

dose level for that group. Assuming no adverse effects in either individual of

the treated group and nasal, pharynx, blood, rectal or urine cultures are neg-

ative for each individual on 3 separate days, the protocol will move to the

group receiving the next dose level no earlier than 3 weeks after the second
individual (at the previous dose level) is treated. A similar pattern will be

followed for each group. If an intercurrent illness occurs during the therapy

period, it will be managed as described above. If an adverse event occurs dur-

ing the therapy period, it will be managed as described above. The vector wil 1
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be administered at the dosage and to the sites described above.

7. Part B. Part B is designed to evaluate the safety of repeat administration
at the same dose, and whether expression can be achieved with repeat admini-
stration, and if so, how much at which level. Repeat dosing will be initiated
at a dose and time interval to be determined by the observations in Part A.

Three groups of individuals will be studied in part B, with n=4 in each group
(i.e., for a total of 12 individuals). The requirement of 4 patients/group is

justified by the need to insure reproducibility of the repeat dose efficacy.

7.1 Baseline Period/Part B. Identical to baseline in Part A

7.2 Vehicle Control Period/Part B. Identical to baseline in Part A

7.3 AdoyCFTR.lO Treatment Period/Part B. The first group of naive patients
will be started in group B at the first dose level used in part A that safely
demonstrated expression was observed in part A (at a minimum) at day 4 and/or
14 after administration with 2 patients at the same dose. The interval of
dosing will be determined by the pharmacodynamic expression data in part A,

but the dosing interval will not be more frequent than every 30 days. The
entire dosing period will not be for more than 180 days. The dose for the
first group of individuals in part B will be chosen by the criteria detailed
above. The second and third groups in part B will have doses 1 log and 2 logs
higher, respectively. However, patients will be entered into these second and
third groups only if the doses to be used have already been evaluated in part
A and the expression criteria detailed above are met. As an example, assume
that in part A, expression is not observed at day 4 and/or 14 in either
patient at a dose of 10 s pfu and in only 1 of 2 patients at day 4 and/or 14 at

10 s 5 pfu, but in both patients at day 4 and/or 14 at the 10 7 pfu dose. These 2

patients (i.e., the 10 7 pfu dose) are followed and expression is no longer
observed at day 30 or 60. Part A will continue at higher doses, but the obser-
vation of the 2 patients meeting the expression criteria at a dose of 10 7 pfu
will trigger the start of part B. Four patients are then entered into part B

at a dose of 10 7 pfu. Because expression was observed at days 4 and 14, but
not at day 30, the repeat dosing schedule will be every 30 days for a maximum
of 180 days (i.e., all 4 patients will receive 10 7 pfu at 3 sites at days 1,

30, 60, 90, 120 and 150).

Assuming that the expression criteria are met for both patients in part A at

doses 10 8 pfu and 10 9 pfu, and the same pattern of expression at days 4 and

14, but not at 30 and 60, then the second group in part B will be 4 patients
receiving 10 8 pfu q 30 days (i.e., 1, 30, 60, 120 and 150), and the third
group in part B will be 4 patients receiving 10 9 pfu q 30 days (same inter-

vals). The interval between starting individuals in part B will be 2 weeks
between individuals at the same dose, and 3 weeks between dose groups.

Since the dose and interval between doses for each individual in part B will

be determined in part A, it is not possible to detail the exact doses and in-

tervals. However, as an example, assume the doses will be 10 7
,

10 e and 10 9 pfu,

and the interval will be 30 days between doses. The 3 groups in part B will

then receive repeat administration of the vector as follows (doses in pfu;

each dose to be delivered in 100 jil)

.
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Patient

#

Dose
at

each
site

it of

sites of

admin-
istra-
tion Sites

Interval
between
doses

Total dose
to be admin-

istered
every 30

days

Total # of
times of
admin-

istration

8A ,
8B

,

8C
,
8D

lxlO 7
3 Each site in

same lung,

each just dis-
tal to lobar
bronchus, same
sites every 30

days

30 days 3xl0 7
6 for 180d
total

9A, 9B

,

9C
,
9D

1x10® 3 same 30 days 3x10® same

10A.10B,
10C , 10D

1x10® 3 same 30 days 3xl0 9 same

For each site, for each dose (every 30 days), the estimated MOI is 1.8 to 180.

The assessments of vector-directed expression will be at intervals after each
dose as specified in the time line in Appendix A5 . 6

.

8. Part C. Part C is designed to evaluate the pattern of expression following
repeat administration at a dose higher than the initial dose. The underlying
concept of the use of a higher dose is that local immunity may be sufficient
to prevent expression following repeat dosing at the same dose, but might be
overcome at a higher dose such that expression would be observed. The patients
in part C will include all patients in part A (i.e., all patients from part A
will move to part C; no new patients will be entered).

8.1 AdcvCFTR.10 Treatment Period/Part C. Since part C is an extension of part
A, there will be no separate baseline and vehicle control period for part C.

The dose to be used will be 1 log higher than that used in part A, but no
higher than 10 9 pfu. The repeat dosing will be at 90 days and at 180 days from
the initial dose administered in part A (or longer, depending on the pharmaco-
dynamics of expression observed in part B) . No patient will be entered into
part C until the dose to be used in part C has already been evaluated in 2

patients in part A. Part C will not extend beyond 180 days. The interval be-

tween starting individuals in part C will be 2 weeks between individuals at

the same dose, and 3 weeks between dose groups.

Although the final choice of dosing intervals will be determined by the data
in part A defining the pharmacodynamics of expression of the vector-derived
CFTR cDNA, it is most likely that the expression will wane in <90 days, and
thus the dosing intervals for part C will be at 1, 90 and 180 days. In this
context, the doses (each at 100 jxl volume) and time intervals for part C will
be

:
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Patient

#

90 day dose 180 day dose

Dose at

each
site
(pfu)

// of
sites of

admin-
istra-
tion Sites

Dose at

each

site
(pfu)

# of
sites of

admin-
istra-
tion Sites

1A, IB lxlO 7
3 Each site in

same lung,

each just dis-

tal to lobes
bronchus, same
sites as part
A

lxlO 7
3 Same

2A, 2B lxlO 7 5 3 Same lxlO 7 5
3 Same

3A, 3B 1x10 s 3 Same lxlO 8
3 Same

4A, 4B lxlO 8 - 5 3 Same lxlO 8 - 5 3 Same

5A, 5B lxlO 9 3 Same lxlO 9
3 Same

6A, 6B lxlO 9
3 Same lxlO 9 3 Same

7A, 7B lxlO 9 3 Same lxlO 9
3 Same

The time intervals for assessment of expression are detailed in the time line
in appendix 5.5.

9.1 Management of Intercurrent Illness. The natural history of cystic fibrosis
is associated with exacerbations of the disease, particularly the respiratory
manifestations (1). In this context, it is possible that among the individuals
in this protocol, exacerbations of respiratory infections and/or decrement in
clinical lung- related parameters will occur during the baseline period, vehi-
cle control period, or AdcvCFTR.10 treatment period. Further, the natural his-
tory of the disorder suggests it is possible that exacerbations of manifesta-
tions of the disease in other organs might also occur.

All patients in the study will enter the study with the same therapy that is

generally prescribed for them by their usual treating physician (see section
1.2). Should intercurrent exacerbations of disease of any organ occur either
during initial assessment or after therapy with the vector, the patients will
be treated by conventional clinical therapy at the discretion of the physi-
cians caring for the patient. During the period of intercurrent illness, as-

sessment of safety and efficacy parameters will continue as defined by the
protocol as long as such assessment does not interfere with the clinical care
and welfare of the patient.

If intercurrent illness occurs during the baseline period or vehicle control
period, efforts will be made to determine if adenovirus is involved by nasal,
pharynx, urine and rectal culture. If adenovirus is definitively shown to be
involved, the individual will be removed from the protocol and not allowed to
enter the Ad^CFTR.lO treatment period. If the intercurrent illness during the
baseline or vehicle period control period is sufficiently severe to preclude
continuation of the protocol, the individual will be removed from the proto-
col. If intercurrent illness occurs during the Ad^vCFTR-lO treatment period,
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efforts will be directed toward determining whether the vector or replication
competent adenovirus is involved, including viral culture of nasal, pharynx,
urine and rectum and assessment of respiratory epithelial cells and inflamma-
tory cells for the presence of AdcvCFTR.10 or replication competent adenovi-
rus DNA. If the intercurrent illness (independent of course) during this peri-
od is sufficiently severe to preclude further participation, the individual
will be removed from the protocol. If a study individual has to be removed
from the protocol because of intercurrent illness, a new individual will be
substituted to begin the protocol. Removal of an individual will be reported
to the Institutional Review Board (IRB); the Institutional Biosafety Committee
(IBC)

;
the Recombinant DNA Advisory Committee (RAC); and the Food and Drug

Administration (FDA)

.

9.2 Management of Adverse Events. Adverse reactions will be defined for each
organ system based on a five point scale (see Appendix A6). If, in the judge-
ment of the physician caring for the patient, an adverse reaction occurs
attributable to administration of the vector, the individual will be treated
by conventional clinical therapy. Assessment of safety and efficacy parameters
will continue as defined by the protocol as long as such assessment does not
interfere with the clinical care and welfare of the patient. No additional
patients will be treated until the data is discussed with the IRB, IBC, RAC
and the FDA. The occurrence of the adverse reaction will be reported to the
ICRS, IBC, RAC, and the FDA within 24 hours of its recognition. If an adverse
event occurs in response to the obtaining of safety and efficacy parameters
unrelated to the vector itself, the assessment of safety and efficacy parame-
ters will continue as defined by the protocol as long as such assessment does
not interfere with the clinical care and welfare of the patient. If a study
individual has to be removed from the protocol because of an adverse reaction
unrelated to the AdovCFTR.10 vector, a new individual will be substituted to

begin the protocol. This will be reported to the IRB, IBC, RAC and the FDA. If

the study individual has to be removed from the protocol because of an adverse
reaction related to the AdcvCFTR.10 vector, a decision to add a substitute
patient will be made only after discussion and agreement of the IRB, IBC, RAC,

and the FDA. Should the patient die while in this protocol, the family will be

asked to give permission for a full autopsy to determine the precise cause of
death (see Consent form) . Samples of all tissues obtained at autopsy will be
evaluated for the presence of AcIqvCFTR.IO and replication competent Ad5 using
PCR and viral cultures as outlined in the protocol. In the design of this

protocol it is recognized that with the limited number of individuals to be
studied and/or the doses used for only n-2 at each dose, that no biologic
efficacy may be detected. If no biologic efficacy is detected and there are no

safety problems associated with the AdCFTR vector, the approving committees
will be asked to allow the number of study individuals to be increased.

9.3 Health Care Workers. During the baseline and vehicle control periods,

there are no additional safety issues for health care workers beyond those for

usual clinical procedures for the evaluation and care of individuals with
cystic fibrosis. During the AdovCFTR.10 therapy period, the health care work-

ers will be exposed to no additional safety concerns beyond those for dealing
with patients with infectious virus infection that can be spread by the respi-

ratory and/or oral -fecal routes. Recommendations of the Institutional Biosafe-

ty Officers will be followed for handling patients, biologic materials, bed-

ding, towels, etc. Appropriate training sessions developed by the Investiga-
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tors in conjunction with the Institutional Biosafety Officers will be used to

educate all health care workers as to the protocol and relevant hazards, pre-
cautions and procedures.

9.4 Environment. After receiving the AdcvCFTR.lO treatment, the risk to the

environment while the patient is an inpatient will be negligible, based on the
considerations described above. The risk to the environment after discharge is

limited to the possibility that the individual will become infected with a

virus that will either complement or recombine with the vector DNA still pres-
ent in this individual. From the data available, this is very unlikely, but
cannot be proven impossible without carrying out the human trial. If com-

plementation were to occur, the risk to the environment might be small amounts
of Ad^vCFTR.10 released. Since AdcvCFTR.10 is replication deficient, this will
have limited spread. If an individual (other than the original patient) were
to be exposed, in the context that animal studies show no risk from the ex-

ogenous gene (the CFTR cDNA)
,
there should be no risk, particularly in the

context that shedding will be associated with far less amounts of the vector
that will be administrated to the study individuals. If recombination were to

occur, the most likely possibility is that it would occur from a crossover
between the left end of the new infecting virus (providing the missing El

functions) and the right end of the vector i.e., (this would produce a repli-
cation competent E3‘ Ad5) . This should be no different, and likely less viru-
lent, than a replication competent E3* adenovirus. This concept is supported
by a human trial with oral administration of a replication competent E3' re-

combinant hepatitis adenovirus vaccine. In the event that the vector continues
to be shed from the study individual following administration, or the vector
recombines with another virus or other genetic information to create a new
replication competent virus that continues to be shed by the study individual,
it is theoretically possible that either vector or a new replication competent
virus could be released to the environment. Together, the available data ar-

gues that this theoretical possibility does not pose a risk to the environment
should it occur.

9.5 Risk-Benefit Considerations for the Patient. If successful, administration
of the AdcvCFTR.10 to the airways will result in expression of normal CFTR
protein in the respiratory epithelium, with normalization of cAMP- regulated
Cl' secretion, that is, it will correct the major biochemical abnormality as-

sociated with CF. If these changes are extensive enough they may result in
normalization of the airway surfaces of the treated areas and in clinical im-

provement in the study subject. Such a clinical change is possible but by no
means certain, and will likely depend on the percentage of corrected cells.
Furthermore while such biologic or clinical change may persist for a signifi-
cant period, the fact that the adenovirus vector does not transfer genes to

the genome of the target cells, along with the normal turnover of the respira-
tory epithelium, suggest that therapy will have to be periodic. This protocol
will also help define whether repeat administration of AdcvCFTR.10 is feasible
and efficacious.

Weighed against these potential benefits are certain risks inherent in the
protocol which may be divided into two main types: (1) general risks, unre-
lated to AdcvCFTR.lO administration per se but which occur secondary to the
many procedures involved in evaluations throughout the protocol; and (2) risks
associated with Ad^vCFTR-lO itself. The "general" risks are detailed in the
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consent form and are the same as those risks which are part of the standard
clinical evaluation of individuals with CF. The risks related to Ad^CFTR.lO
delivery itself are more accurately described as speculative risks.
Adenoviruses are a common cause of respiratory problems in man and are not
usually serious, therefore, infection with adenovirus itself does not pose a
major risk. There is a potential that the AdcvCFTR.10 virus will acquire some
genetic material from another adenovirus or other virus leading to production
of a "mutant" adenovirus thus posing a risk not only to the study subject but
also to that subject's environment. This risk is reduced markedly by the fact
that no individuals with evidence of adenovirus or other major viral infec-
tions will be included in the study and by the isolation procedures employed
before, during and after administration of AdcvCFTR. 10 . Even if a "mutant"
adenovirus is produced, by a process of either complementation or recombina-
tion, the risk to the study subject or to the environment is mitigated by the
fact that the most likely outcome would be either a replication competent and
likely less virulent adenovirus (if recombination occurs) or the release of
small amounts of AdcvCFTR.lO (if complementation were to occur). Since
AdcvCFTR.10 is replication deficient this will have limited spread. Further-
more, while these risks are theoretically possible, they have not been ob-

served in studies involving AdcvCFTR.10 administration to animals at similar
doses to those intended for human use. One final speculative risk is that
protein produced by the CFTR gene in Ad^/CFTR-lO may be recognized as "for-
eign" by the participants' immune system. This is unlikely as study subjects
are chosen so as to exclude those individuals who do not produce a CFTR pro-
tein, so that the normal protein produced by Ad^vCFTR.10 is less foreign to

them.

9.6 Post-Study Patient Follow-up. The detailed data for the study will accrue
during the baseline period, the vehicle control period and the AdcvCFTR.10
treatment period. Following discharge, there will be follow-up every 6 months
for months 12, 18 and 24, and thereafter on a yearly basis.

9.7 Clinical Facilities for the Study. The study will be conducted on an out-

patient and inpatient units of The Rockefeller University Hospital. The inpat-

ient unit is appropriately equipped to handle all relevant inter-current ill-

nesses and adverse reactions and the investigator physicians are fully quali-
fied to handle these patients and relevant possible complications. Following
discharge, follow-up evaluations of the patients will be on the inpatient unit
and in the Outpatient Clinic as dictated by the protocol.

9.8 Privacy and Confidentiality. The privacy of the patients and all confiden-
tiality issues will be handled in accordance with the hospital, RAC and FDA
guidelines

.

9.9 Reporting of Serious Adverse Effects. As detailed above, reports of ad-

verse reactions will be made to the IRB
,
IBC

,
RAC, and the FDA within 24 hours

of its recognition in accordance with the guidelines of each of these groups.

9.10 Future Directions. Based on this initial safety and efficacy data, fu-

ture studies will be designed regarding dose, form of administration frequency
of administration and safety and efficacy parameters. Appropriate statistical
and data base considerations will be determined in consultation with appro-
priate biostatistical consultation.
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Appendix A2 . 1 . 1 Expression Plasmid pAdCMVl/CFTR-1

Ad5 1-454

The expression plasmid contains the CMV promoter with splice donor and ac-
ceptor sequences directing the expression of human CFTR cDNA. Within the in-
tron is an Sp6 promoter. The SV40 early poly A signal is located immediately
3' of the CFTR cDNA. Flanking the CFTR expression cassette are the left 454
base pairs of Ad5

,
which contain the ITR, origin of replication and packaging

signals followed by Ad5 base pairs 3329-5788. These latter sequences are used
for homologous recombination with Ad5 to generate the viral vector
AdcvCFTR.10. CFTR expression is leftwards with respect to the viral genome.
Not shown in the plasmid are the Bla gene (Amp r

) ,
'Col El origin of DNA repli-

cation, T7 and Sp6 RNA promoters derived from the pGEM 2 (Promega) vector
backbone. The CFTR cDNA was cloned in the laboratory of L-C Tsui and provided
to us in the plasmids pBQ4.7 and pBQ6 . 2 . Three differences from the published
sequences have been noted by Tsui et al. pAdCMVl/CFTR- 1 is derived from pBQ6 .

2

and contains the mutations indicated by Tsui et al. Three additional silent
mutations were found in pBQ4 . 7 ,

pBQ6 . 2 and pAdCMVl/CFTR- 1 at amino acids 266
to 268 (nucleotides 930, 933, 936 of the published sequence). The published
sequence is 5' ATC GAG AAC while the sequence of our gene is 5' ATt GAa AAt.
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Appendix A2 . 1 Construct of Ad^CFTR.10 (cont.)

Map Units
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Appendix A2.1.2. Schematic of Ad^CFTR-lO. Recombinant adenoviral vector
AdcvCFTR.10 containing the human CFTR cDNA. Shown schematically are the
wildtype adenovirus type 5 (Ad5) genome and the details of the CFTR expression
cassette of Ad^CFTR-lO. Ad5 DNA is divided into 100 map units (mu; 100 mu =

36 Kb) . The recombinant vector was constructed from the Ad5 derived virus
Addl324, which is missing the majority of the Ela and Elb and a portion of the

E3 regions. The Ad^CFTR.10 expression cassette includes (3' to 5
' )

:

the left

454 bp of the Ad5 genome [including the sequences of the inverted inverted
terminal repeat (ITR) , the origin of DNA replication, the encapsidation signal

and the enhancer of the Ela promoter] , followed by the CMV enhancer/promoter

,

splice sequences, CFTR cDNA, and the SV40 early polyadenylation signal.
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Appendix A2 . 2 Sequence of Ad^CFTR.10

The sequence data for the genome of AdcvCFTR.10 is shown. The equivalent of
bases 1-6100 in Ad^CFTR.10 were sequenced in the construction plasmid
pAdCMVl/CFTR 1 by dideoxy chain- termination DNA sequencing (Sanger, F., et al.

Proc . Nat. Acad. Sci. 1977; 74:5463-5467). Base 6100 is equivalent to Ad5 base
3373.

The remainder of the molecule (Ad5 3374-35935) is from Genbank [accession No.

M73260]. The sequence has been annotated to remove the middle part of E3
,
the

Xbal fragment of Ad5 that is deleted in the Ad5 -based deletion mutant Addl324
used to construct Ad^CFTR.10 (bases 28593- 30470 of Ad5). The minor 2 bp
deletion in the VA-I region of the Ad5-based deletion mutant Addl324 (T.Shenk,
personal communication) at Ad5 residues 10594-10595 [residues 13321-13322 of
Ad^CFTR.10 (AC on the upper strand)] is still present in the sequence to al-

low direct comparison between Ad^CFTR.10 and the AdCFTR vector used by the PI

in the NY/NIH CF gene therapy study. This two base pair deletion interrupts a

minor alternative transcriptional start site for VA-I; this mutation is

present in Addl324 and Addl327 (personal communication T. Shenk)

.

In the annotated sequence of Ad^CFTR.10, sequences are indicated which com-
prise the left inverted terminal repeat (ITR), Ela enhancer/promoter (Ela
core, E2F) and encapsidation signal (AI-AVII, indicated as <£) . The expression
cassette is oriented leftward with respect to the Ad5 genome and contains the

CMV enhancer/promoter along with splicing signals directing expression of the

human CFTR cDNA. Within the intron is an Sp6 RNA promoter. Following the cDNA
is the SV40 early polyadenylation signal. The CMV promoter TATA box, CCAAT
box, consensus splice donor and acceptor signals Sp6 promoter, intervening
plasmid derived sequences along with the SV40 sequences are indicated.

The CFTR cDNA sequence of AdsvCFTR.10 differs from the published sequence at
five locations. The coordinates of the mutations are those of Riordan e£ al.

Science 1989; 245:1066-1073). The differences found are at nucleotides 1990 (C

instead of A) (a typographical error in the publication) and 2629 (T instead
of C) as communicated to us by L-C Tsui, U. Toronto, from whom we obtained the

cDNA. Three silent mutations at position 930, 933, 936 result in the con-
version of the T, A, and T nucleotides to nucleotides C, G, C respectively.
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6. Informed Consent

THE ROCKEFELLER UNIVERSITY HOSPITAL

CONSENT FORM

PROGRAM OF CLINICAL INVESTIGATION

(imprint nameplate here)

A. I,
,
understand that the physicians at the Rockefeller University

Hospital are engaged in research on the nature, diagnosis and treatment of disease. I have

been informed that this study involves gene therapy research and that the purpose is to evalu-

ate the treatment of the lung problems associated with cystic fibrosis using a virus containing

the normal cystic fibrosis gene.

B. The expected duration of my participation is: Approximately 20 days over a six month

period, plus several follow-up visits to the out-patient clinic, including visits every 6 months

for 2 years and thereafter on a yearly basis.

C. The procedures to be followed are detailed in the attachment to this consent form, pages

6-5, 6-6, 6-10 through 6-13.

D. I agree to exercise appropriate birth control methods (preferably "barrier" contraception,

i.e.
,
condoms, diaphragm) during and for at least 6 months after the last administration of

the AdGVCFTR. 10 vector.

E. The possible discomforts and risks attendant to this procedure are detailed in the attach-

ment to this consent form, pages 6-8, 6-9, and 6-13 through 6-16.

F. The medical benefits that I might reasonably expect from this protocol are detailed in the

attachment to this consent form, pages 6-4, 6-16, and 6-17.

G. The alternative procedures, if any, that were considered and why they will not be used

are: Cystic fibrosis is a fatal disease with no alternative curative therapy other than lung

transplantation, a high risk, unproven and costly procedure.

H. I understand that I shall receive a copy of this consent, that the records connected with

my participation in the clinical investigation will be kept strictly confidential and that the

Food and Drug Administration (FDA) has the right to inspect the hospital records.

I. However, I understand that this study does involve an investigational drug. The name of

the drug is AdGVCFTR.10. The use of this drug for the purposes of this study has been

submitted to the Food and Drug Administration (FDA) under an Investigational New Drug

[
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Exemption (IND) regulation. GenVec, Inc., a biotechnology company (12111 Parklawn

Drive, Rockville, MD 20852) is responsible for the production of Ad0VCFTR. 10, and is the

sponsor of the IND. Dr. Ronald G. Crystal is the Principal Investigator.

J. I have had the opportunity to ask questions concerning the procedures to be used. I under-

stand that if I have any further questions concerning the research conducted or any rights I

may have, I may contact Dr. Ronald G. Crystal or Dr. Noel G. McElvaney (my attending

physicians) at 212-746-2250. I further understand that I am free to withdraw my consent at

any time without any penalty or loss of benefits to which I may be otherwise entitled. My
physician is also free to terminate the study at any time.

K. There will be no cost to me resulting from care required as part of this study.

L. In the event that I believe participation in this research study has led to injury, I under-

stand that I may contact Dr. Ronald G. Crystal or Dr. Noel G. McElvaney (my attending

physicians) at 212-746-2250 to identify the medical resources which are available to me and

to assist me in obtaining appropriate medical care. I understand that The Rockefeller Uni-

versity and the Federal Government do not have any program to provide compensation for

persons who may experience injury while participating in research projects.

M. I hereby voluntarily consent to participate in this study and to allow the treatment and

procedures described above to be performed on me.

19

Signature of Subject Date

In the case of minors, the nature of this study has been explained as fully as is possible given

their age and verbal assent has been obtained.

19

Signature of mother or legal guardian Date

19

Signature of father Date

19

Witness Date

(cannot be physician)

Note: If there is anything that you do not understand about this consent, ask the physician

for further information.
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PHYSICIAN’S STATEMENT

I have offered an opportunity for further explanation of this procedure to the individual

whose signature appears above. The protocol which he/she will be participating in is "Evalu-

ation of Repeat Administration of a Replication Deficient, Recombinant Adenovirus Vector

Containing the Normal Cystic Fibrosis Transmembrane Conductance Regulator cDNA to the

Airways of Individuals with Cystic Fibrosis"

M.D.

Note: The subject must be given a copy of this consent form. A signed copy must

be filed in the subject’s medical record in the Records Department.
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Attachment to the Consent Form for the Protocol "Evaluation of Repeat Adminis-
tration of a Replication Deficient, Recombinant Adenovirus Vector Containing
the Normal Cystic Fibrosis Transmembrane Conductance Regulator cDNA to the
Airways of Individuals with Cystic Fibrosis."

Ronald G. Crystal, M.D., Principal Investigator

Purpose and Background

The purpose of this consent document is to explain to you the possible risks
and benefits of an experimental gene therapy protocol for the treatment of
cystic fibrosis. You will receive a copy of the protocol itself, which is re-

ferred to throughout this consent document. We encourage you to read the pro-
tocol and to ask as many questions as you feel are necessary to help you un-
derstand and make an informed decision regarding participation in this clini-
cal trial.

It is important for you to know that this is an early trial that is not likely
to cure your disease or relieve your symptoms. The study is designed to evalu-
ate the possible side effects and desired changes in lung cells of placing
fluid and a vector carrying the gene to be transferred into one part of your
lungs. It is unlikely that this will benefit you personally, but knowledge may
be gained from the study that will benefit others. Your participation in this
study is voluntary. The trial will take a considerable amount of time, and in-

volves risks that are important for you to understand. You are free to

withdraw from the study without jeopardizing future care by the doctors carry-
ing out this study. Any significant new findings will be made known to you.
Your privacy will be protected and your name will not be mentioned in relation
to this study without your written permission.

Individuals with cystic fibrosis (CF) have abnormal lung function because they
lack the presence of a normal functioning gene, called the "cystic fibrosis
transmembrane conductance regulator" (CFTR) gene, in the cells lining the
lung. Instead, such individuals contain in their lung cells alterations in the
normal DNA sequence in the CFTR genes which they have inherited from both
parents. These mutations cause CF because of the inability of the mutated gene
to produce an effective CFTR protein. This protocol attempts to compensate for
this abnormality by introducing a normal CFTR gene into the lung cells using a

modified cold- like virus as a transporter. The safety, effectiveness, and
practicality of this approach will be evaluated during the course of the
protocol

.

The modified virus to be used is called AdcvCFTR.10. It is a modified adeno-
virus, that is, a laboratory-altered virus that can infect cells in the lung
like a "cold" virus, but unlike a "cold" virus, AdcvCFTR.10 cannot reproduce
itself in human lung cells. AdcvCFTR.10 has had inserted into it the normal
human CFTR gene, which directs the production of the CFTR protein essential
for normal function of the lung. The Ad^vCFTR.lO virus is capable of carrying
the normal human CFTR gene into the lung cells of animals where it produces
the normal human CFTR protein. Also, in the laboratory, AcfjvCFTR.lO can trans-
fer the normal CF gene to lung cells recovered from individuals with CF, and
these cells then produce the normal human CFTR protein. If Ad^vCFTR-lO can
achieve this in the lung cells of live animals

,
and in cells recovered from
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the lungs of individuals with CF, it is reasonable to expect that this may
also be achieved in the lung cells of individuals with CF when these cells are
still in the lung. The hope is, that this may then compensate for the lack of
a normal gene in the lung cells of these individuals. There is no guarantee
that this will occur or that if it does it will make a difference in the lung
function, general clinical status, or prognosis of individuals participating
in the protocol.

Overview of Cystic Fibrosis

Cystic fibrosis is a common disorder affecting 1 in every 2000 births in Cau-
casians. It is acquired by receiving abnormal, instead of normal, CFTR genes
from both parents. The median survival age of individuals with this disorder
is 28 years. This means that 50% of people with cystic fibrosis will die be-
fore the age of 28. Lung disease is the major site of illness throughout the
lives of most cystic fibrosis patients, and ninety percent of the deaths in
cystic fibrosis result from lung disease. Current therapies to treat the res-
piratory manifestations of CF include frequent chest percussion, an aerosol-
ized medication called DNase, and physiotherapy to cough up the thick mucus
and antibiotic therapy to reduce infections. Applications of these therapies
and rigorous attention to a good diet have helped individuals with CF live
longer. You are now receiving the best presently available therapy for your
lung disease.

New therapies for the respiratory manifestations of CF are being evaluated at
this institution and elsewhere. Proteins which can protect the lung from being
"chewed up" by enzymes released by inflammatory cells in the CF lung such as

alpha 1-antitrypsin are also being evaluated. Initial studies show that they
decrease inflammation in the lung. Amiloride, a medicine which alters the flow
of salt and water in and out of cells, has also been administered directly to

the lung. While the results of these therapies are encouraging, the results
are all preliminary. These medicines are not approved for general use, and
they do not correct the basic defect which causes CF (the gene abnormality).

A more radical approach to CF therapy is lung transplantation. Through 1991,
lung transplantation procedures have been carried out in 312 individuals with
CF worldwide. Overall, there has been a 3 year survival rate of approximately
52%, that is, approximately one-half of the individuals undergoing these pro-

cedure will be alive 3 years later. While this procedure effectively cures the

lung abnormalities of CF, the patient is left with a number of significant
problems. The transplanted or original lung may become reinfected with bacter-
ia from the nasal sinuses. Also, the patient will have to receive medicine to

prevent the body reacting against the new lung for the rest of their life

because of a significant risk of transplant rejection. Perhaps more sig-

nificant is the fact that there is a very small pool of lungs available for

transplantation. At any given time the usual waiting period for donors is 9 to

12 months.

Overview of Protocol

Because CF is a hereditary disorder with an identified genetic defect and be-

cause most of its clinical manifestations are the branching structure that

carries air from the voice box to the air sacs, it is reasonable to try to
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treat CF by delivering the normal gene to the cells lining the trach-
eobronchial tree. How can the normal gene be delivered to these cells? The
delivery system in this protocol involves placing the normal CFTR gene into
AdcvCFTR.lO, a virus that has been modified in the laboratory, that can infect
cells in the lung like a "cold" virus but cannot reproduce itself in human
lung airway cells. In this fashion, AdcvCFTR.lO will be used like a shuttle to

"ferry" the normal gene to the lung cells, thus compensating for the lack of
normal CFTR genes. AdcvCFTR.10 will be administered to the respiratory tract
of individuals with CF at three sites in the airways. Administration to the
airways will be through a bronchoscope which is a flexible tube that can, with
appropriate sedation and anesthesia, be placed via the nose or mouth into the
lung. AdcvCFTR.10 will be placed in a small amount of fluid known as a

vehicle. This vehicle is composed of a dilute mixture of salts and buffered
glycerol which is a basic component of many natural fats in the body. It
ensures that the virus remains functional. The actual volumes of material to

be administered are 100 microliters (about 2 drops) to each of 3 sites in the
airways. These volumes will not be uncomfortable for the patient. This
procedure will be repeated on a schedule described later in this document. The
protocol is designed to determine: (1) Is it safe to administer the modified
adenovirus, AdcvCFTR.10, to the airways of individuals with CF?

; (2) Will
transfer of the normal CFTR gene to respiratory epithelial cells of in-

dividuals with CF enable these cells to produce the products of a normal,
functional CFTR gene? Ultimately, the question is: will this strategy normal-
ize that part of the lung to which the normal gene has been transferred?; (3)

How long will this effect last?; and (4) can the transfer be repeated such
that the correction in the airway cells is maintained? In this regard, does
the body develop immunity against AdcvCFTR.lO that will prevent subsequent ad-

ministrations, i.e., will the body react against the modified virus to prevent
it from transferring the normal gene to the lung upon repeat administrations?

Inclusion and Exclusion Requirements:

Based on the natural course of cystic fibrosis and the need to maximize safety
while at the same time perform various tests to evaluate the effectiveness of
the treatment, the following inclusion and exclusion requirements for the
study population have been defined. These requirements will be determined, to

the extent possible, before entry into the protocol; some, however, will not
be measurable until the baseline evaluation part of the protocol (see section
6 in the protocol). It is possible, therefore, that although started, at some
point you will not be able to continue in the protocol if you do not meet
these requirements. Likewise, there are possibilities as part of the natural
history of your disease (i.e., unrelated to the protocol itself) of your be-

coming ill during the protocol. In such circumstances you may not be able to

receive treatment with AdcvCFTR.10 or to continue with the protocol. These
possibilities and how they will be handled are discussed in section 6 of the

protocol

.

Inclusion requirements:

You must be capable of providing informed consent.

You must have cystic fibrosis as defined by routine clinical requirements
(cough, abundant sputum production, recurrent lung infections, etc.). You must
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have either a positive sweat chloride test and/or a CFTR genotype known to be
associated with cystic fibrosis. The genotype of mutations of both CFTR
alleles (abnormal DNA sequences) can be of any type associated with expression
of the CFTR gene.

If you are fertile, you must exercise appropriate birth control methods during
and for at least 6 months after the last administration of the Ad^yCFTR.lO
vector. We cannot be absolutely sure that the normal human CFTR gene being ad-
ministered in Ad^vCFTR.lO will not be transferred to the sperm in males and
the eggs in females

.

You must be at least 15 years old. This is for two reasons. First to be sure
that your airways, being fully grown, are of sufficient size to allow
repeated, safe, sampling via fiberoptic bronchoscopy. The second reason is

that, by age 15, individuals are able to fully understand all the possible
risks and benefits of participating in this protocol.

If you are being treated in the lung, you must have lung disease typical of CF
yet have a forced expired volume in one second (FEV1; a routine lung function
test) of at least 1.2 liters. You may have typical respiratory manifestations
of CF but still be able to undergo the various tests such as bronchoscopy
which are needed to prove effectiveness yet require a certain minimum lung
function to be performed safely.

You must have a Shwachman score of 40 to 70 (mild to moderate disease) . This
is a measure of the severity of CF based on various clinical requirements. The
Shwachman score criterion is used to select typical individuals with CF whose
disease is sufficiently mild or moderate that they are able to undergo the

somewhat lengthy protocol without excessive problems.

If you have digestive or liver disease, it must be mild and stable with ap-

propriate therapy. Stable digestive and liver status are necessary to ensure
that changes in the your non- respiratory status do not interfere with the

evaluation of the impact of this experimental treatment with AdcvCFTR.lO on
the respiratory manifestations of CF.

If you have diabetes mellitus, it must be well controlled, such that you have
experienced no episodes of diabetic ketoacidosis, hyperosmolar coma or attacks
caused by exceedingly high or low blood sugar levels requiring hospitalization
within the previous three years. This criterion is intended to ensure that

changes in your non- respiratory status do not interfere with the evaluation of

the impact of the experimental treatment on the respiratory manifestations of

CF.

You must be able to undergo bronchoscopy with brushing of the large airways,

biopsy of the lung airways and bronchoalveolar lavage without complications.

Fiberoptic bronchoscopy with brushing, biopsy and bronchoalveolar lavage is an

important part of the protocol without which it is impossible to measure the

safety and effectiveness of this treatment in those areas of the lung most
severely affected.

These procedures are safe and relatively easily tolerated. They are described

in more detail later in this consent form. Some individuals may be unable to
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undergo the procedures for either personal reasons or for clinical reasons
such as a tendency for easy bleeding, allergies to local anesthesia (numbing
medicine) or difficulty tolerating the placement of the bronchoscopy tube in
the airways

.

You should not be taking experimental medicines relevant to your cystic
fibrosis for at least 4 weeks prior to entry into study. Such medicines in-

clude alpha 1-antitrypsin or amiloride or other unproven therapies for cystic
fibrosis. If you were taking these medicines, it would be difficult to under-
stand whether changes or improvements were due to the gene therapy treatment
in this protocol or to these other experimental medicines.

You should be able to stay at the hospital for the period of time necessary to

complete the baseline period (2-3 days + 1-3 outpatient visits), vehicle con-

trol period (2-3 days + 1-3 outpatient visits), and vector administration
period (a minimum of 2-3 days in the hospital once every month for as many as

7-10 months, plus intermittent evaluations in the outpatient clinic). Addi-
tionally, when the treatment is period is over, you will be asked to return to

the hospital and/or outpatient clinic once a month for 5 months, then at 6

month intervals over the next year, and then once yearly thereafter. This is

in order to test for safety and effectiveness of the treatment during the ad-

ministration part and follow-up.

Assessment of your airway epithelium should show no evidence of adenovirus
infection. This is in order to prevent, as far as possible, any contact
between naturally occurring adenoviruses and the Ad^vCFTR-lO virus. Such con-

tact could possibly enable the AdcvCFTR.lO virus to reproduce or give rise to

a new virus by incorporating parts of the AdcvCFTR.lO virus with other
viruses

.

You should have no history of allergy to glycerol which is part of the solu-

tion used to carry the virus or to medicines used in the bronchoscopy
procedures. This is to minimize any potential for allergic reactions.

The AdcvCFTR-lO virus will be used to transfer and produce a functional CFTR
protein to act in place of your abnormal CFTR protein. In animal studies, the

AdcvCFTR.lO gene has produced higher levels of functional CFTR protein than
the normal animal levels. In these instances where overproduction of the nor-

mal protein has occurred, no adverse effects were noted. Therefore, it is our

expectation that production or overproduction of the normal CFTR protein by
AdcvCFTR.lO may compensate for your poorly functioning CFTR, and may be of
benefit to you. However, until these studies are carried out in humans, we

cannot totally exclude the potential for adverse side effects of the overpro-
duction of the normal CFTR protein.

The AdcvCFTR.lO virus has been designed so that it will not reproduce itself

in cells lining the airways. Studies in laboratory animals have demonstrated
that AcIgvCFTR. 10 can be detected in the nose, back of the mouth, the lining of

the lung or in the rectum for a number of days after administration and up to

15 days in a few instances. It is possible that this will be true for humans
as well. In the animal studies, control animals that did not receive
AdcvCFTR.10, yet were in the same environment as the animals treated with
AdsvCFTR.10, did not get "infected" with AdcvCFTR.10. With regards to the p"-
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tential effect of your treatment with Ad^vCFTR-lO on other individuals, we be-
lieve that it is extremely unlikely that there would be any risk of you caus-
ing harm to other individuals through AdcvCFTR.lO should you leave the hospi-
tal while AdsvCFTR.10 can still be detected in your body secretions. This is

based on the animal studies described above, the accumulated knowledge about
the CFTR gene, from many studies of administrating live adenovirus to humans
for vaccine trials and vaccines, and from human studies evaluating gene thera-

py to the lung of individuals with cystic fibrosis using a vector very similar
to AdsvCFTR.10. Further, although we believe that it is extraordinarily un-
likely, given the design of this protocol, that administration of AdcvCFTR.lO
to you has a risk of AdcvCFTR.lO combining with another virus or other genetic
information in your body to create a risk to you or others, we cannot prove
this absolutely. Finally, there is the possibility that the Ac^vCFTR.lO vector
might combine with another virus and cause serious infection in the lung.
While theoretically possible, this has never been observed in either animal or
human studies with similar adenovirus vectors.

Despite our belief that administration of Ad^vCFTR-lO to you, as described in
this protocol, does not pose a risk to you or others, no animal is identical
to humans in regard to adenovirus infection, therefore it is impossible to

prove this absolutely without administrating Ad^vCFTR-lO to humans. In this
context, as part of your consent to participate in this protocol, we are as-

king you to agree to the following:

1. To minimize the possibility of "spread" of Ad^-vCFTR-lO to other people, for

a minimum of 2 days after receiving AdgvCFTR.10 we ask that you either remain
in your hospital room or wear a mask and gloves when elsewhere in the hospi-
tal. When hospital staff or other individuals visit with you, they will be
asked to wear masks, gowns and gloves.

2. In the unlikely (but not impossible) event that AdcvCFTR.10 (or a combina-
tion of AdcvCFTR.lO with another virus) is detected in secretions from your
body (sampled from nose, back of throat, feces and urine), we may ask that you
remain in the hospital until the virus disappears. While it is not anticipated
that the virus will persist, it is a theoretical possibility. If it does,

there is no way to estimate how long the virus would persist in your secre-
tions and, theoretically, it could do so indefinitely. Should the events in

(3) above occur, all efforts will be made to make you comfortable and to pro-

vide for reasonable social and personal needs.

You should understand, that we can only ask you to agree to these conditions,
but cannot compel you to do so, that is, should you choose to leave at any

time despite our advice, we cannot stop you from doing so. The one exception
to this is in the extraordinarily unlikely, but theoretically possible, cir-

cumstance where the physicians caring for you believe that because of an unex-

pected event Ad^vCFTR.10 had combined with another virus or other genetic in-

formation to create a new virus believed to be dangerous to others. In this

event your physicians have the option to ask for a court order to keep you

confined until the risk to others is over. We believe it would be extremely

unlikely for this to occur, but we cannot prove that it is impossible, there-

fore we are required to inform you of the theoretical possibility of this oc-

curring.
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Exclusion requirements:

If you do not meet any of the inclusion requirements above, you will be unable
to participate in the protocol.

If you have an active respiratory tract infection (beyond the baseline infec-
tion that is present in all individuals with CF) in the 1 week prior to
beginning the protocol, you will not be able to participate. Similarly, if you
have an active respiratory tract infection in the week prior to parts 2 or 3

of the protocol, you will not be allowed to enter these parts. Requirements
for diagnosis of infection are rhinitis, pharyngitis, conjunctivitis,
bronchitis, evidence of fever or changes in sputum requiring antibiotics or a

change in antibiotics.

If there is evidence of cardiac, renal, central nervous system, major
psychiatric disorder, musculoskeletal disease or immunodeficiency disease,
(including evidence of human immunodeficiency virus infection, HIV), you will
be unable to participate in the protocol. The absence of HIV infection is

critical because it might be dangerous to administer Ad^vCFTR-lO to such in-

dividuals given that severe or lethal adenoviral infections have been reported
in individuals with HIV infection.

If you are receiving corticosteroids or other immunosuppressive medicines
which decrease the body's capacity to respond to infections, you will not be
able to participate.

Protocol

:

The clinical study will include 26 individuals with cystic fibrosis. The study
has three parts, referred to as A, B and C. So that you may have an overview
of the entire study, all parts will be described to you, although no one in-

dividual will participate in all parts. You are to be enrolled in Part
(The physicians conducting the study will fill in the blanks prior to you
signing this consent form. Individuals enrolled in Part A are automatically
enrolled in Part C)

.

Part A starts with a baseline period that has an initial evaluation followed
by a series of studies to determine your eligibility for the study, and to

establish "baseline" values to which the safety and efficacy (potential good
results) of the administration of the AdcvCFTR.lO vector can be compared. The
baseline period will require 2-3 days in the hospital and 1-2 visits to the

outpatient clinic to be completed. Details of the baseline period can be found
in section 6.1 of the protocol, and a schedule of all tests in the baseline
period can be found in the Appendix A5 . 1

.

If, after completing the baseline period, you wish to continue and still meet
all the inclusion and exclusion requirements, you will next move to the
vehicle control period. You must enter the vehicle control period within 3

months following completion of the baseline period. If the time since ending
the baseline period is greater than this period, there will be a reassessment
of the safety and efficacy measurements (see protocol, section 6.2 and ap-

pendix A5.2). In the vehicle control period you will again undergo the same
type of tests as in the baseline period but with one difference. You will have
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administered to their airways the "vehicle" in which the AdcvCFTR.10 is to be
carried. This vehicle consists of glycerol, salts and water. The vehicle car-
ries Ad^vCFTR.10 to the site where it can deliver the normal CFTR gene to the
airway cells. The components of the vehicle ensure that the virus remains
effective while being transported. The purpose of administering the vehicle
alone is to check for any adverse reaction to the vehicle itself, and to
determine the values for the safety and efficacy parameters to be used in the
AdcvCFTR.10 treatment period part of the protocol.

The vehicle will be administered to the surface of the three major airways on
the left or right side of the lung. This will be administered through a bron-
choscope. The volume to each site will be 100 microliters, about 2 drops. The
participant will then be observed for any reactions to this dose of vehicle or
to the method of delivery. As in the baseline period, a variety of tests will
be carried out. The vehicle control phase will require 2-3 days in the hospi-
tal, and 1-2 visits to the outpatient clinic to be completed. Details of the
vehicle control period can be found in section 6.2, of the protocol and the
schedule of all tests in this period can be found in appendix A5 . 2

.

If you wish to continue the protocol and still meet all the inclusion and
exclusion requirements, you may move on to the AdcvCFTR.10 treatment period.
Details of the AdcvCFTR.lO treatment period can be found in section 6.3 of the
protocol, and the schedule of tests in this period can be found in appendix
A5 . 3

.

On day 1 of the AdcvCFTR.10 experimental treatment part of the protocol, you
will receive AdcvCFTR.10, the modified adenovirus containing the normal CFTR
gene

.

The AdcvCFTR.10 vector will then be administered (as was done for the vehicle)
to three major airways of the left or right side of the lung through the bron-
choscope in a volume of 100 nl (about 2 drops). To ensure that AdcvCFTR.10, or
a combination of AdcvCFTR.10 and other viruses, does not spread to others af-
ter administration of AdcvCFTR.10, you will be kept in isolation for 2 days.
That means that while your room, no special precautions are needed but when
going outside the room gloves and masks are required. Hospital staff and
visitors when visiting you will be required to wear a gown, mask, and gloves 2

days before you receive AdcvCFTR.10. You will undergo tests similar to those
you have undergone in the previous two parts of the protocol (see Appendix
A5.3). However, because one purpose of the study is to determine how long
Ad^vCFTR-lO will function in your airway epithelial cells, several of those
tests will be repeated more than once as detailed in the chart in Appendix
A5 . 3

.

Assuming that the function stops before 90 days, if you wish to continue the

protocol, you will move on to part C of the protocol. This part is identical
to the AdcvCFTR.lO treatment period in part A, except that the dose of
AdcvCFTR.lO vector will be increased 10 -fold (but never greater than 1 . OxlO 9

plaque forming units (a measure of virus dose) to each site. The test will
then be repeated as in part A. At 180 days, you will again receive the

Ad^vCFTR.10 treatment identical to that at 90 days. The tests will be repeated
as after 90 days. A full description of the part C can be found in section 8.1

and all of the tests are detailed in Appendix A5 . 7

.
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Part B of the protocol starts with a baseline period and is followed by a ve-
hicle control period that are identical to that for part A described above
(see sections 7.1, 7.2 and appendices A5 . 1 ,

A5.2).

If you wish to continue the protocol and still meet all of the inclusion req-
uirements, you may move on to the Ad^vCFTR-lO treatment period. Details of the

AdcvCFTR.10 treatment period can be found in section 7.3 and appendix A5 . 5 . On
day 1 of the AdcvCFTR.lO treatment period, you will receive AdcvCFTR.10 in a
fashion identical to that described for part A. When the tests following the

AdcvCFTR.10 administration are completed, you will then receive the same dose
of AcfjvCFTR.10 at fixed intervals for a total of up to 6 six doses. Following
each dosing, you will have a series of tests to evaluate safety and function
of AdcvCFTR.10 in your airways. All of these tests are detailed in appendix
A5 . 5 . The interval between doses will be based on the results from Part A from
other individuals (which will take place before part B) . You will receive the
AdcvCFTR.lO vector on days

, , , ,
and . The dose at

each time will be plaque forming units (if you are participating in
part B, these blanks will be filled in by the physicians conducting the study
before you sign this consent form).

The natural history of cystic fibrosis is associated with exacerbations (wors-

ening) of the disease, particularly respiratory problems. It is thus possible
that among the individuals in this protocol, exacerbations of respiratory or

non- respiratory problems may occur. Should exacerbations of disease in any
part of the body occur during any part of the protocol, you will be treated.
During the period of illness, assessment of safety and effectiveness of the

AdcvCFTR-lO administration will continue as long as such assessment does not
interfere with your clinical care and welfare. It is possible that you will
not be able to continue with the protocol because of intercurrent illness.

In the event that bad side effects are attributable to administration of
AdcvCFTR.lO or study procedures occur during the protocol, you will be treated
by conventional clinical therapy. Assessment of safety and effectiveness of
the AdcvCFTR.10 administration will continue as long as such assessment does
not interfere with your clinical care and welfare. It is possible that you
will not be able to continue with the protocol because of adverse effects,
although all possibilities will be explored to prevent removal from the study,
as long as your welfare is ensured.

The tests in the baseline period include blood tests, urine tests, electrocar-
diogram, chest X-rays, computed tomography scan of the chest (a specialized
type of chest X-ray), lung function tests, collection of sputum, bronchoscopy
(to evaluate the air passages, to recover some of the cells and tissues, and
the fluid lining the air passages)

,
and measurement of the electrical poten-

tial difference between the nose and/or airways and the skin. The tests in the

vehicle control period and the AdcvCFTR.lO treatment period are similar, ex-

cept a few tests (HIV blood test, computed tomography scan of the chest) do

not have to be repeated. For timing and detail of these tests, see sections
6.8 of the protocol, and the "time-line" charts attached to the protocol. The

following discussion relates to details of the risks of these tests. All are

routine tests in clinical medicine. Each is an accepted, safe medical test.

Like most medical tests however, there are some associated discomforts and

risks

.
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1. Blood tests. Drawing blood can cause pain where the needle is put in the
vein or artery and can cause a bruise or very rarely, damage to the blood
vessel. Rarely, patients faint after blood drawing. The total amount of blood
to be drawn during any single part of the study will not exceed 200 ml (less
than half a pint) . This amount is within the acceptable limits for research
with humans according to guidelines at The Rockefeller University Hospital.

2. Arterial blood gas. Unlike routine blood tests, which uses blood drawn from
veins, blood gas testing requires the use of arterial blood. A small needle
will be placed into the artery of your forearm to obtain blood needed for
testing. Because arteries are more sensitive than veins and cannot be seen
when inserting the needle, arterial blood gas examination is somewhat more
painful than simple blood testing. As with routine blood tests, there may be
damage to the wall of the blood vessel, a bruise may result or you may faint.

3. Within the first year of the protocol, the maximum total radiation exposure
from the chest X-ray and chest computed tomography scan (a specialized chest
x-ray) has been judged safe by The Rockefeller University Hospital and the Na-
tional Institutes of Health institutional guidelines.

4. Breathing tests. These tests are harmless but may occasionally cause slight
soreness in the respiratory muscles and chest due to effort.

5. Collection of urine samples or sputum samples will not require any extra
discomfort to you. All that is required is that when total daily urine (i.e.

over a 24 hr period) is to be collected you make as complete a collection as

possible. Occasionally you will be asked to give a single urine or sputum
specimen for analysis.

6. Examination and testing of the nasal passages. This is performed under
direct observation. A nasal speculum is placed into the nostril. The nose is

inspected and a small brush may be passed through the speculum and gently
brushed over the inner surface of the nose to collect specimens for analysis.
In the nasal epithelium of individuals with CF the electrical charge is more
negative than in other individuals. To do this an i.v. needle is placed just
under the skin in the arm and connected to an i.v. of salt water. A small
volume (one milliliter, about one fifth of a teaspoon) of this salt water will
be infused through the intravenous catheter underneath the skin. This may
cause some mild discomfort. A second catheter is constantly rinsed with salt

solution and medications that will stimulate the movement of salt and water in

the cells lining the nose is placed on the inner surface of the nose, through
the nasal speculum to measure the charge there. Both catheters are connected
to a chart recorder that records the difference in electrical charge between
the two surfaces. No hazards are anticipated or special precautions required.

7. Bronchoscopy. Bronchoscopy is uncomfortable but not painful. Your mouth,

throat and nose will be numbed with lidocaine which is a medicine similar to

that used by dentists to numb teeth prior to filling or extracting them which
can be used directly on the airway surface, without being injected by a

needle. It may have an unpleasant taste. A small intravenous needle will be

placed into the forearm as part of the preparation and may cause local discom-

fort. You will receive the drug atropine before the procedure, which may cause

the sensation of mouth dryness. As a safety precaution you will then be given
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oxygen gas through the nose. The bronchoscope will be introduced into the nose
(or mouth if necessary) and passed down the breathing tubes into the lungs;
you may cough; this is normal and will be controlled as much as possible by
the doctor and nurse performing the procedure. Both the vehicle alone and the

AdsvCFTR.lO will be administered through the bronchoscope at the appropriate
times during the protocol. When the bronchoscope is in place a small brush may
also be placed through the bronchoscope onto the surface of the airways and
the airway gently brushed. This is a painless procedure and is very safe, the
only common problem being some slight bleeding at the site of the brushing. It
is unlikely this will affect your health. When the brushing has been performed
the patient may then undergo bronchoalveolar lavage and bronchial biopsy.
Bronchoalveolar lavage involves wedging the bronchoscope into the air passages
of a small part of the lung and instilling salt water through the bronchoscope
so as to gently wash the inner surface of the airways. Once the salt water has
been instilled it is then gently suctioned out of the lung and collected. This
procedure is safe. In over 2000 bronchoalveolar lavages performed by the in-

vestigators over more than a decade, there have been no life threatening com-
plications. However, individuals with CF have a higher incidence of mild com-
plications with bronchoalveolar lavage than others. These complications in-

clude fevers (about 65% of CF individuals, usually self -limiting or relieved
by anti-fever medications) and chills (about 20% of CF individuals, again
self - limiting or relieved by anti-fever medications), more infrequently (less

than 5%) infections or coughing up blood. Bronchial biopsy is a procedure
where a small sharp clamp is placed down the bronchoscope to snip a small
piece of tissue of the inside surface of the wall of a large airway. This is

not painful. The tissue is then prepared and examined under a microscope. It

is a routine test that is used for diagnosis of lung disorders and for re-

search purposes. The risks to this procedure are very low, but include bleed-
ing or leak of air from the wind pipe into the chest cavity.

In individuals with cystic fibrosis, electrical charges on the inside of the

airway are significantly more negative than in normal individuals. It is thus
important to measure these charges during this protocol to see whether they
return towards normal following administration of AdcvCFTR.10. An intravenous
("i.v.") catheter will be placed just beneath the surface of the skin in your
arm and connected to an infusion of salt water. A second catheter, constantly
rinsed with salt water and medications to modify the movement of salt and
water in the respiratory tissues, will be placed on the surface of the airways
to measure the charge there. This second catheter is placed on the airways
through the bronchoscope and constantly rinsed with a small amount of a salt
solution and medications that will stimulate the movement of salt and water in

the cells lining and airways. Both catheters are connected to a chart recorder
which records the difference in electrical charge between the two surfaces. No
hazards are anticipated or special precautions required.

All the bronchoscopy procedures combined will last between 35-50 minutes. Once
all the tests are performed the tube will be removed and you will return to

his or her room. For three hours after the bronchoscopy you will not be al-

lowed to eat or drink while then medicine and effects of the bronchoscopy wear
off. Bronchoscopy may be performed several times during the protocol, includ-
ing: one to two times in the baseline period, one time in the vehicle control
period, and eight to twelve times in the 6 -month period of the experimental
therapy period.
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Potential Risks :

The potential risks of this protocol may be divided into two main types: (1)
those associated with the various tests and procedures designed to show effec-
tiveness and safety; and (2) those associated with administration of a repli-
cation deficient adenovirus containing the normal CF gene to individuals with
CF.

To first consider the problems associated with the various tests and proce-
dures in the protocol it should be noted that all the tests used are widely
accepted tests in clinical medicine and in most instances would form an impor-
tant part of your ongoing care. All these tests are monitored by regulatory
bodies so that strict standards are upheld. These include limitations on the
amount of blood which can be drawn and the amount of radiation you may be
exposed to during the different parts of the protocol. Furthermore the inva-
sive tests such as nasal instrumentation and bronchoscopy with its attendant
procedures will all be performed by experts with much experience in these
fields

.

Theoretically, there are several potential risks of giving AdcvCFTR.lO to in-
dividuals with CF. Potential risks are from the specific adenovirus to be used
in this protocol, and finally from the product of the genetically modified ad-
enovirus to be used in this protocol. Adenoviruses are a common cause of re-

spiratory problems in man, usually of a non-serious type, unless the infected
individual has a poor defense against germs. The adenovirus used in this
protocol has been modified so it will not grow in your tissues. Therefore
infection with this adenovirus per se is not felt to pose a major problem.

It is theoretically possible that the Ad^vCFTR-lO virus will combine in some
way with another adenovirus and thus acquire the ability to reproduce itself.
This might lead to increased production of AdcvCFTR.10 and an ongoing adeno-
virus infection. Another possibility is that the AdcvCFTR.lO may acquire some
genetic material from another adenovirus or other virus leading to the produc-
tion of some form of mutant adenovirus. These potential problems would not
only affect you but could also potentially affect other individuals. In order
to prevent this from occurring this protocol has built into it certain safe-

guards. First, if there is any evidence of adenovirus or other major respira-
tory viral infection, you will not be included in the study. Therefore, any
possible combining of AdcvCFTR.10 with other viruses will likely involve
viruses acquired after starting the protocol. To minimize the chance of this

occurring during the initial phase after administration of AdcvCFTR.10, you
will not receive AdcvCFTR.10 if you have had a new respiratory infection
within 1 week prior to treatment. To protect others, you will be isolated for

2 days following each administration of Ad^vCFTR.lO. These problems, while
theoretically possible, have never been seen in studies using AcIqvCFTR.IO in

animals at dosages similar to those intended for use in humans.

While it is theoretically possible that the material produced by the CFTR gene

in AdcvCFTR.10 may be recognized as "foreign" by the immune system of the par-

ticipant resulting in the immune system attacking the body, there is no

evidence to suggest that this will happen and participants have been chosen to

include only those who do produce a CFTR protein (even though it is an abnor-

mal one) so that the normal protein is less likely to be entirely "foreign" to

[238] Recombinant DNA Research, Volume 20



Revised 8-26-94

the study subject.

Finally, of the individuals receiving AdcvCFTR.lO to date, one (receiving a

dose [total titer] of 2xl0 7 to the nose and, 1 day later, 2xl0 9 to the lung),
developed a transient (1 week), clinical syndrome of fevers, (low blood
pressure), shadows on the chest x-ray in the area the AdcvCFTR.10 was admin-
istered, and decreased lung function. This clinical syndrome subsided with
therapy (intravenous fluids, antibiotics and oxygen) and all clinical parame-
ters were at the baseline values by the scheduled time of discharge from the
hospital. Your doctors are not sure of the mechanisms of this clinical syn-

drome but, until proven otherwise, it is being assumed that the dose admin-
istered to the lung (2xl0 9

) may represent the highest dose that can be given
to individuals with CF. To minimize the chance that this syndrome will occur
again, the total volume of fluid administered has been markedly decreased, to

reduce the chance that it will reach the lower part of the lung, the site
where this syndrome was primarily manifest.

Potential Benefits:

There is a possibility that administration of AdcvCFTR.10 to the airways will
result in expression of normal CFTR protein in these areas with normalization
of Cl' secretion, that is, a correction of the major biochemical abnormalities
associated with CF. If these changes are extensive enough, they may result in
normalization of the electrical charge on the airway surfaces. Will these bio-
chemical changes result in any noticeable clinical change for you? This is

very unlikely. Clinical improvement in the lung would likely depend on the

percentage of corrected cells. As this protocol involves administration of
AdcvCFTR.10 to a limited region of the airways, large scale correction will
likely not occur. Furthermore, the correction may not last. Nevertheless, if
biologic correction is found, it will provide motivation for further studies
most likely with higher dosages and/or repetitive administrations of
AdsvCFTR.10. Participation in this study does not mean automatic inclusion in
subsequent studies.

Time spent in the Hospital :

You will be asked to spend a considerable amount of time in the hospital. If
you feel unable to continue the protocol at any time during the protocol you
are free to leave. Departure from the protocol after administration of
AdcvCFTR.10 but before the "out-patient" part of the protocol is discouraged.
As discussed above this is because there are a number of theoretical risks
associated with administration of AdcvCFTR.10 not only to you but also to

others. Because of this, you will be asked to give a commitment to fulfill all
the planned assessments of the protocol if you wish to participate in part B

or C of the protocol (the experimental treatment parts) . Followup to this
protocol will be life-long; if you move, you should provide the investigators
of this protocol your new address.

Access to Records

As discussed above, your privacy will be protected. Access to your medical
records will be limited to hospital personnel of the Rockefeller University
Hospital and The New York Hospital, The National Institutes of Health, The
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Food and Drug Administration, and the manufacturer of the AdcvCFTR.10 vector
(GenVec, Inc).

Permission for Autopsy

As described above, we do not believe that the therapy with AdsvCFTR.lO or the
tests you will undergo will lead to adverse effects that will cause your
death. However, as a participant in an innovative study involving the transfer
of the normal CFTR gene to the cells lining your airways, it is important that
you understand that should your death occur while in this study, it is of
vital importance to potential future patients that your doctors are able to

determine the precise cause of death. In this context, should you die while
participating in this study, your doctors will ask your family to give permis-
sion for a full autopsy. By signing this consent form, you cannot force your
family to agree to this, but by doing so you are indicating your agreement
that an autopsy be carried out. You should inform your family of your wishes
regarding permission for autopsy.
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Scientific Abstract

1. A one page scientific abstract of the protocol

The incidence of breast cancer is steadily increasing. Approximately 1 in 8 American
women will develop breast cancer. At the present time, the metastatic form of breast

cancer that has failed all conventional types of therapy has a poor prognosis. The
ineffectiveness of hormonal therapy and chemotherapy has led investigators to evaluate a

variety of immunotherapy regimens. The ultimate goal has been to consistently augment
the immunological reactivity of breast cancer patients to their own tumor. In other human
tumor systems, active specific immunotherapy (treatment with autologous tumor cells) has
been shown to be effective in some patients with metastatic disease.

Berd et. al. immunized patients with irradiated autologous tumor cells and noted clinical

responses in 25% of the patients treated. Other investigators have reported similar response

rates in patients with renal cell carcinoma and colon carcinoma. Mitchell et. al. has
reported clinical responses and stimulation of specific cytotoxic T-lymphocytes (CTL) in

patients immunized with autologous melanoma cells. Seigler et. al. have serially injected

high risk Stage I and Stage II melanoma patients using either x-irradiated melanoma cells

or a vaccinia viral oncolysate of the tumor cells and have demonstrated improved survival

in patients receiving adjuvant active treatment.

We have demonstrated that tumor specific CTLs can be generated in vitro by exposing
patient lymphocytes to autologous tumor cells in the presence of a low dose interleukin-2

(unpublished data). The specific CTLs have effected cell mediated killing both in vitro and
in vivo (unpublished data). Specific CTLs can also be generated against breast cancer

specific antigens such as oncoproteins and peptides . In addition, CTLs were shown to

recognize endogenously synthesized proteins and presented on the surface together with

major histocompatibility (MHC) class I molecules (Maryanski JL, Pala P, et. al. 1986;

Townsend ARM, Rothbard J, et. al. 1986; Moore MW, Carbone FR, et. al. 1988).

Consequently, antigens include any primary amino acid sequence in any cellular proteins,

either membrane bound or intracellular.

A variety of lymphokine genes have been introduced into tumor cells using retroviral

vectors as well as non-viral delivery methods. The transduced cells express the inserted

gene and secrete the specific lymphokine. We have used cationic liposomes to facilitate

adeno-associated virus (AAV) plasmid transfections of primary and cultured cell types.

AAV plasmid DNA complexed with liposomes (Avectin™) showed levels of expression

several fold higher than those of complexes with standard plasmids. In addition, long-term

expression (>30 days) of the gene, unlike the transient expression demonstrated by typical

liposome-medicated transfection with standard plasmids, was observed. Primary breast,

ovarian, and lung cultured tumor cells were transfectable with the AAV plasmid DNA-
liposome complexes. Transfected primary and cultured tumor cells were able to express

transgene product even after lethal irradiation. Transfection efficiency ranged from 10 to

50% as assessed by intracellular IL-2 levels in IL-2 transfected cells.

The primary objective of this protocol will be to evaluate safety, biological response, and
survival in patients serially treated with autologous breast cancer cells transduced with the

gene for human Interleukin-2 (IL-2) via the Avectin™ method. We will monitor the safety

and toxicity of the treatment and will attempt to determine its immunological effects on the

patient. We will also evaluate the clinical responses and duration of any such response to

this treatment.
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Non-Technical Abstract

2. A one page description of the proposed experiment in non-technical language

This study is designed to evaluate the safety and effectiveness of an investigational therapy

treatment for breast cancer using a new “vaccine" preparation in patients with advanced
breast cancer which cannot be cured by currently available standard treatments (surgery,

chemotherapy, hormonal therapy or radiation therapy). The vaccine is prepared by
surgically removing one of the metastatic lesions from body as part of needed clinical care

and mechanically disrupting the tumor cells in the test tube. Tumor cells will then be

modified by insertion ofDNA or genetic material (a "gene"). This modification will result

in the production of a protein substance called interleukin 2 (EL-2) within the tumor cells.

The modified tumor cells are then used as a "vaccine" against cancer. The IL-2 produced

by the modified tumor cells will hopefully cause the immune system to attack the tumor
cells. The modified tumor cells are called Autologous Interleukin 2 Gene Modified Tumor
cells ("GMT"). This research study is designed to test safety and effectiveness of this

"GMT" in terms of stimulating the body 's immune system to attack the metastatic cancer.

The gene or DNA is inserted into the tumor cells in the laboratory using genetic

engineering techniques that have recently been developed. The DNA is inserted into a

substance (vector) which is not a virus and does not grow but acts as a vehicle to deliver the

gene which would otherwise not be efficiently incorporated into the tumor cells. The gene

has the capability of making the tumor cells express and produce human EL-2. The tumor
cells will be killed with radiation before injecting into the body. The IL-2 gene vector is an

experimental agent, called Avectin^M^ produced at Applied Immune Sciences, Inc. Under
Dr. H. Kim Lyerly's direction, the EL-2 gene will be incorporated into the tumor cells to

produce the "GMT".

If a patients chooses to enter this program, they will be injected with "GMT" every four

weeks for four months until they have received four (4) total injections. The duration of

this study will be 36 months on an out-patient basis, and the patient will be followed for the

rest of their life after vaccination for clinical evaluation. Each injection will be given in the

soft tissue of the body (subcutaneously). The "GMT" will be prepared under stringent

conditions and will be tested for sterility. Similar modified tumor cells have been tested in

mice and have been found to have some ability to counteract the growth of tumor. Several

studies involving laboratory animals have shown an increased immune response and
reduction of tumor size with these preparations. Several trials in humans have begun,
including one at Duke, and the results are not known at this time. I

Blood tests will be done to evaluate the safety and effectiveness of this research. The blood
will be obtained by venipuncture (needle stick in a blood vessel in arm) and will total 300cc
over the 36 months of this study, which is 3/5 of a pint. This is the standard method for

obtaining blood and is momentarily painful. There is a small risk of fainting, of some
bruising (bleeding under the skin), and a rare (1/1000) risk of infection. We will also be
doing other routine laboratory or radiologic studies. These tests include a urinalysis and
other blood chemistries. These studies would also be done for the breast cancer check-up.
All other tests are considered standard care and no additional tests will be done that are not

part of the standard care.
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1.0 TITLE
A Pilot Study of Autologous Human Interleukin 2 (11-2) Gene Modified
Tumor Cells In Patients with Refractory or Recurrent Metastatic Breast

Cancer

2.0 BACKGROUND AND RATIONALE
2.1 Background Information - Breast Cancer

The incidence of breast cancer is steadily increasing.

Approximately 1 in 8 American women will develop breast

cancer. Refractory metastatic breast cancer has a grim prognosis.

With conventional chemotherapy and radiation therapy, less

than 5% of patients are long term survivors.

At the present time, the metastatic form of breast cancer that has

failed all conventional types of therapy has a poor prognosis.

The ineffectiveness of hormonal therapy and chemotherapy has

led investigators to evaluate a variety of immunotherapy
regimens. The ultimate goal has been to consistently augment
the immunological reactivity of breast cancer patients to their

own tumor. In other human tumor systems, active specific

immunotherapy (treatment with autologous tumor cells) has

been shown to be effective in some patients with metastatic

disease.

2.2 Active Immune Therapy
Berd et. al (1) immunized patients with irradiated autologous

tumor cells and noted clinical responses in 25% of the patients

treated. Other investigators have reported similar response rates

in patients with renal cell carcinoma and colon carcinoma (2-4).

Mitchell et. al. (5) has reported clinical responses and
stimulation of specific cytotoxic T-lymphocytes (CTL) in patients

immunized with autologous melanoma cells. Seigler et. al. (6-8)

have serially injected high risk Stage I and Stage II melanoma
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patients using either x-irradiated melanoma cells or a vaccinia

viral oncolysate of the tumor cells and have demonstrated
improved survival in patients receiving adjuvant active

treatment.

Duke University has demonstrated that specific CTL can be

generated in vitro by exposing patient lymphocytes to

autologous tumor cells in the presence of a low dose
Interleukin-2 (unpublished data). The specific CTL have effected

cell mediated killing both in vitro and in vivo (unpublished

data). The killing is major histocompatibility complex (MHC)
restricted and can be generated from either peripheral blood

lymphocytes or lymph node cells. Class I MHC proteins are

involved in the presentation of intracellular antigens to the

immune system. Thus, suboptimal levels of MHC membrane
proteins may prevent effective presentation of tumor associated

antigens.

2.3 Active Immune Therapy With Gene Modified Tumor
Recently, methods for improving anti-tumor immune
responses in cancer patients by gene transduction of tumor cells

have been proposed. A variety of lymphokine genes have been
introduced into tumor cells using retroviral vectors as well as

non-viral delivery methods (12-18). The transduced cells express

the inserted gene and secrete the specific lymphokine. We have
recently shown that human breast cancer cells transduced with

the gene for human IL-2 serve as potent stimulators of specific

CTL (unpublished data). Gene-altered autologous breast cancer

cells might well provoke substantial post-immunological
responses against host tumor burden.

The purpose of this study is to demonstrate the safety, feasibility,

and potential efficacy of treating adults with refractory metastatic

breast cancer by returning to patients their own cancer cells

which have been transfected with the gene for the expression of

Interleukin-2 (IL-2). The intent is to stimulate the patient's own
cytotoxic lymphocytes (CTLs) to react to the reimplanted tumor
cells in order to develop a specific immune response. The hope
is that these "trained" and stimulated lymphocytes will circulate

to destroy not only the reimplanted tumor cells but also residual

tumor cells in the patient that have not been transfected.

Lymphocytes from these patients will be harvested after

treatment with the transfected tumor cells to determine the

quantity and characteristics of the CTLs that have been generated

and to clone and expand these lymphocytes in vitro for potential

use in subsequent therapeutic protocols.
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3.0 OBJECTIVES
Primary Objective:

To evaluate the safety of treating patients with autologous breast cancer

cells transduced with the gene for human Interleukin 2 (IL-2).

Secondary Objectives:

To evaluate clinical response and duration of response to treatment.

To evaluate the effects of treating patients with IL-2 gene modified
tumor cells on CTL.

4.0 STUDY DESIGN
This will be a phase I safety study administering IL-2 gene modified

autologous tumor (GMT) to patients with refractory or recurrent

metastatic breast cancer. Three additional, escalating doses of IL-2

GMT, will be performed one month part. The study will be conducted

exclusively at Duke University Medical Center and will enroll a

maximum of 20 patients. A sample size of 20 will be required in order

to allow for the detection of significant toxicity with 90% power and a

5% significance level. The study will be stopped early should an
unacceptable toxicity rate be observed.

In addition, prior to treatment and at selected times during and after

treatment, all patients will be evaluated for immune responses and
survival, although not all of these evaluations will be measurable end
points.

4.1 Accrual

We expect to accrue 10 patients a year to this study. In the first

stage, 10 eligible patients will be entered. If 3 or more toxic

events are observed, the study will be closed to further accrual. If

2 or less toxic events are observed in the first 10 patients, an
additional 10 patients will be accrued to this study (for a total of

20). Therefore, this study should reach the total accrual goal of

20 patients in approximately 24 months.

4.2 Study Duration

All patients will receive up to four cycles of GMT if sufficient

numbers of cells are recovered and available. It is estimated that

the study will take 30 months for completion of a six month
study period for all 20 evaluable patients. All patients will be

followed for safety of the GMT treatment until death.

5.0 STUDY PATIENT POPULATION
This study will enroll patients eligible for Protocol treatment of

metastatic breast cancer. A minimum of ten and a maximum of

twenty patients with metastatic breast cancer will be enrolled.

5.1 Inclusion Criteria

Patients must meet all of the following criteria:
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5.1.1 The patients entering the active immunotherapy must
have a histologically confirmed metastatic breast cancer

that has failed conventional chemotherapy or hormonal
therapy.

5.1.2 If gene modified tumor cells cannot be generated for

therapy, the patients will not be enrolled.

5.1.3 The patient must have one or more measurable lesions by
physical examination or non-invasive radiologic

procedure. Measurable is defined as detectable in length

(physically or radiographically) in two dimensions.

5.1.4 Estimated life expectancy of at least 6 months.

5.1.5 Complete recovery from effects of prior major surgery

before initiating study participation.

5.1.6 Adequate hematologic, renal, and hepatic function.

Patients must have the following clinical laboratory

parameters:

a) WBC > 3500/mm3
b) Hgb > 10 gm/dl

c) platelets > 60,000/mm3
d) absolute neutrophil count > 1500/mm3
e) prothrombin time < 1.5 X normal
f) creatinine < 2.0 mg/dl

g) bilirubin < 1.5 mg/dl
h) AST and ALT < 4 X upper limit of normal

5.1.7 Failure, defined by lack of regression, or progression of

disease despite conventional chemotherapy, hormonal
therapy or radiation therapy. Conventional chemotherapy
includes patients who have undergone autologous bone
marrow transplantation following high dose
chemotherapy.

5.1.8 Complete recovery from effects of prior therapy before

initiating study participation.

5.1.9 Patients must be >18 years.

5.1.10 The patient must be HIV-seronegative as determined by
ELISA or Western blot.

5.1.11 Signed informed consent.

5.2

Exclusion Criteria

5.2.1 Medical or psychological impediment to probable

compliance with the protocol.

5.2.2 Pregnant or lactating women. Women of child bearing

potential must have a negative pregnancy test prior to

entrance into the study. Participants must commit to use

effective contraception for the duration of the study.

5.2.3 Concurrent chemotherapy, radiation therapy or

immunotherapy.
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5.2.4 Evidence of brain metastases by CT scan or MRI.
5.2.5 Concurrent treatment with corticosteroids or treatment

with corticosteroids within 4 weeks of first treatment with
GMT cells.

5.2.6 Concurrent second malignant tumor other than in situ

carcinoma of the cervix or non-melanoma skin cancer.

5.2.7 Autoimmune diseases such as, but not restricted to,

systemic lupus erythematosus, multiple sclerosis or

ankylosing spondylitis.

5.2.8 Previous treatment with rIL-2.

6.0

SCHEDULE OF ACTIVITIES

6.1

Screening Tests And Evaluations

The patients will be thoroughly informed of the overall aspects

and procedures involved in the study to ensure their

willingness to comply with the visit and schedule of activities.

6.1.1 A medical history and physical examination, including

evaluation of Karnofsky Performance Status, vital signs

and weight will be obtained and recorded on the case

report forms. Specific emphasis will be placed on history

relevant to the presentation and prior therapy of breast

cancer.

The history and physical exam and the availability of

autologous tumor tissue will be used to determine
eligibility for the study.

Informed Consent must be signed prior to the following

screening procedures:

6.1.2 CBC with differential and platelet count.

6.1.3 Serum chemistries including:

albumin, alkaline phosphatase, magnesium, total

bilirubin, bicarbonate, BUN, calcium, chloride,

cholesterol, creatinine, total protein, glucose, LDH,
phosphorus, potassium, AST, ALT, and sodium.

6.1.4 Prothrombin Time (PT) and Partial Thromboplastin Time
(PTT)

6.1.5 A urinalysis including: color, pH, specific gravity, protein,

glucose, ketones, bilirubin and a microscopic examination.

6.1.6 Autologous tumor tissue sampling for gene modification.

6.1.7 A serum (beta-HCG) pregnancy test (if pre-menopausal
female and of childbearing age)

6.1.8 Brain CT or MRI to rule out metastases-if not previously

documented.
6.1.9 Histologic confirmation of refractory or recurrent breast

cancer must be documented.
6.1.10 Serum for HIV ELISA or Western Blot.

6.1.11 Measureable lesion by physical exam or x-ray.
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6.2 Baseline Tests And Evaluations Prior To Treatment
6.2.1 An interval medical history will be obtained and recorded

on the case report forms. Any other treatments/
medications/biologicals/blood products the patient is

receiving at the time of enrollment, or has received 30

days prior to the baseline visit and during therapy, will be
recorded on data collection forms.

6.2.2 A complete medical history and physical examination,

including evaluation of Karnofsky Performance Status,

vital signs and weight.

6.2.3 A CBC with differential and platelet count.

6.2.4 Serum chemistries including:

albumin, alkaline phosphatase, magnesium, total

bilirubin, bicarbonate, BUN, calcium, chloride,

cholesterol, creatinine, total protein, glucose, LDH,
phosphorus, potassium, AST, ALT, and sodium.

6.2.5 Prothrombin Time (PT) and Partial Thromboplastin Time
(PTT) if clinically indicated.

6.2.6 A urinalysis including: color, pH, specific gravity, protein,

glucose, ketones, bilirubin and a microscopic examination.

6.2.7 Chest X-ray (P/A and lateral).

6.2.8 Electrocardiogram 12-lead.

6.2.9 Sedimentation Rate

If clinically indicated, testing may be done for anti-

lymphocyte toxicity.

6.2.12 Delayed type hypersensitivity testing.

6.2.13 In Vitro analysis of immunological function.

6.2.14 Clinical assessment of breast tumor burden including:

CT scan of chest, abdomen, or pelvis, if indicated.

Bone marrow biopsy, if indicated.

Tumor biopsy or sampling of ascites or effusion.

6.2.15 Hepatitis B surface antigen.

6.2.16 Serum frozen and stored for analysis of antibody to rIL-2,

if indicated.

6.2.17 Autologous breast cancer cells will be isolated and
propagated from clinically or surgically obtained biopsies

or aspirations, gene modified and characterized.

6.3 Tests And Evaluations During And After Treatment
Study evaluations should be conducted according to the

Schedule of Activities. All blood should be drawn before

autologous IL-2 GMT administration.

6.3.1 An interval history will be taken and a physical

examination (including Karnofsky) will be performed at

weeks 0, 1, 2, 4, 5, 8, 9, 12, 13, 16, and 24.
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6.3. 1.1 Records of concomitant medications and blood
products administration will be kept.

6.3. 1.2 Patients will be continually evaluated for signs

and symptoms characteristic of infections,

neoplasms, or autoimmune disease.

6.3. 1.3 Laboratory tests will be reviewed and assessed for

adverse experiences. Injection sites will be
inspected at the time of physical exam.

6.3.2 CBC with differential and platelet count at weeks 0, 4, 8,

12. 16, and 24.

6.3.3 Serum chemistries (identical to section 6.2.5) at weeks 0, 4,

8. 12. 16, and 24.

6.3.4 Sedimentation rate (identical to Section 6.2.11) at weeks 0,

4. 8. 12. 16, and 24.

6.3.5 In Vitro analysis of immune function at weeks 0, 4, 8, 12,

16, and 24.

6.3.6 Clinical assessment of breast tumor burden-as clinically

indicated (identical to section 6.2.14) at weeks 0, 12, and 24.

6.3.7 Urinalysis (identical to section 6.2.7) at weeks 0, 12, and 24.

6.3.8 Serum for rIL-2 antibodies should be drawn and stored at

weeks 0, 4, 8, 12, 16, and 24.

6.4 Long Term Tests And Evaluations

6.4.1

Recurrence or Refractory Metastatic Breast Carcinoma
6.4.1. 1 Dose and administration of previous therapy will

be recorded.

6.4.1.2 If breast cancer is refractory or if breast cancer

recurs following a response, this will be
documented by pathologic assessment (histology

or cytology).

6.4.1

Long Term Clinical Follow-up Evaluations

6.4.1.1 Following 24 weeks, patients will be seen every 3

months for the remainder of the first year, every 6

months for year 2 and yearly thereafter, until

death.

6.4. 1.2 At each visit an interim history including vital

signs will be taken and the following recorded:

a. Signs and symptoms of disease progression

and secondary illnesses or malignancies.

b. Kamofsky performance score

c. CBC (differential, platelet count and MCV)
d. Chemistry panel (serum creatinine, BUN,

bilirubin (total), SGPT, SGOT, alkaline

phosphatase, LDH, CPK, and amylase)

e. Urinalysis
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d. Concomitant medications

f. Occurrence of secondary illnesses or
malignancies and adverse experiences.

6.5 Patient Death

Patients who die while on the study will have an autopsy
requested.

7.0 TREATMENT ASSIGNMENT

7.1 Patient Numbers
After all the tests and evaluations in Section 6.1 have been
completed and all general entry criteria satisfied, the patient may
enter the treatment assignment portion of the study. The patient

will be assigned a three digit identification number. Numbers
will be assigned in strict sequential order. Once a number has

been assigned to a patient, it cannot be reassigned if the patient is

an early withdrawal from the study. Patients will be identified

on case record forms only by their patient numbers and initials.

The non-qualifier screening log must be completed stating the

reason a patient failed to qualify for the study on all patients who
sign an informed consent.

8.0 TREATMENT ADMINISTRATION
8.1 Autologous IL-2 GMT Administration

8.1.1 Preparation and Storage of GMT
Autologous tumor obtained from patients will be utilized

to establish short term tumor cell cultures. The resultant

cell culture will be transfected with Avectin™:IL-2. The
gene modified tumor cells will be subjected to standard

micro-biological testing. After lethal irradiation, the IL-2-

expressing tumor cell will be aliquoted and maintained at

-170° C in sealed vials. The IL-2 expressing tumor cell will

then be thawed for re-injection into the same patient. A
detailed characterization of the plasmid gene construct

will be presented to the RAC and the FDA for approval

prior to initiation of the study.

8.1.2 Administration of GMT
The patients will receive 1 x 107 tumor cells by
subcutaneous injection that have been transduced with
the IL-2 gene and irradiated with 10,000 RADS. Patients

will receive subcutaneous GMT in single or multiple sites

depending on volume to be administered. Vital signs will

be taken prior to, 5 minutes after the injection and every

15 minutes for 1 hour after the injection.
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8.1.3 Dose of GMT
A dose escalation strategy will be utilized for this trial.

The patients will receive 1 x 107 autologous IL-2 GMT
cells by subcutaneous injection at week 0.

If a sufficient number of autologous IL-2 GMT cells are

recovered and available at week 4, patients will receive

5 x 107 cells subcutaneously.

If a sufficient number of autologous IL-2 GMT cells are

recovered and available at week 8, patients will receive

1 x 108 cells subcutaneously.

If a sufficient number of autologous IL-2 GMT cells are

recovered and available at week 12, patients will receive

5 x 108 cells subcutaneously.

8.1.4 Duration of GMT therapy

GMT will be administered every 4 weeks at weeks 0, 4, 8

and 12.

9.0

MANAGEMENT OF INTERCURRENT EVENTS

9.1 Concomitant Medications

Chemotherapy, anti-estrogen therapy, other immunotherapy,
and radiotherapy are not permitted while the patient is on study

(screening through week 24). After meeting the

inclusion/exclusion criteria, all other medications deemed
appropriate for the patient by the investigator may be
administered to the patient. At baseline, all medications that

patients have used the past thirty days will be recorded. At
subsequent visits, any additions or changes to medications,

including blood products, will be documented on the

appropriate Case Report Form.

9.2 Risks And Toxicities Related To Autologous IL-2 GMT
Injection site reactions have been observed in patients receiving

subcutaneous GMT. Clinical follow-up of injection sites will be

done at weeks 1 ,5, 9, andl3. Injection sites should be rotated.

In general, systemic adverse effects have not been attributed to

injected IL-2 GMT cells. No measurable toxicity was observed in

animal studies. In human studies of IL-2 GMT cells, the adverse

events observed have been primarily local reactions.

Safety variables to be monitored include all known side effects

and toxicities associated with active immunotherapy, rIL-2

administration or gene therapy. Vital signs will be followed

closely during administration of gene modified tumor cells for

any hypotensive or hypertensive episodes. Subjective

symptoms such as headache, fatigue, nausea/vomiting, chills.
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myalgias and arthralgias will be recorded on the adverse events

form using the National Cancer Institute (NCI) standardized

grading system. Such symptoms may be disease related in this

patient population.

9.3 Treatment of Toxicity

9.3.1 Discontinuation of GMT
9.3. 1.1 Life threatening anaphylactic reaction secondary

to GMT.
9.3.1.2 Any Grade El or Grade IV neurologic toxicity will

result in withdrawal from study. NCI Toxicity

Criteria will be used.

9.3.2 Guidelines for reducing GMT schedule using the NCI
Toxicity Criteria

9.3.2. 1 Any adverse reaction will be recorded and
evaluated by the investigator as to the severity

according to the NCI Toxicity Criteria. The
severity/grade of each adverse reaction will

determine whether GMT is readministered and,

if so, at what dosage level.

9.3.2.2 For Grade III toxicities, GMT will be
discontinued until the toxicity resolves to Grade
I or pretherapy levels. Administration of the

next GMT dose willl be at 50% of the initial dose.

93 .2.3 If Grade II or El toxicity occurs at this reduced

dose, GMT will again be discontinued until a

return to baseline or Grade I values. The next

dosing may then be resumed at 10% of the

original dose.

9.3.2.4 However, any Grade II or III toxicity at this

reduced dose will require withdrawal from
study.

9.4 Departure From The Protocol

Protocol deviation will be approved in an emergency for

individual situations for individual patients. The site will

notify the sponsor immediately by telephone followed by written

documentation:

Applied Immune Sciences, Inc.

(800)841-1407 (phone)

(408)980-5888 (FAX)

Ann Neale, B.S.N, R.N.

Clinical Program Manager

Annemarie Moseley, M.D., Ph.D.

Vice President, Clinical Affairs
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The case report form will completely describe the departure and
state the reasons for it.

9.5 Adverse Experiences

The investigator is required to immediately notify the sponsor
in writing of any unexpected, fatal or life-threatening

experiences and all unusual, alarming or serious drug reactions

or surgical complications, regardless of any opinions as to the

cause/effect relationship. The sponsor is required to notify the

FDA by telephone of unexpected fatal or life-threatening events

associated with the use of the study treatment no later than three

working days after receipt of the information. In addition, all

serious, unexpected adverse events that are associated with the

use of the study treatment must be filed with the FDA by the

sponsor within ten working days of the initial notification.

All deaths, whether considered study/therapy related or not,

must be reported immediately to the sponsor, with a copy of the

autopsy report (if done) and the death certificate. (This includes

deaths occurring within 4 weeks of stopping treatment and
deaths occurring during the protocol defined follow-up period.)

Any serious, unexpected adverse experience (including all

deaths) must be reported to the Institutional Review Board
within ten days and documentation of this report must be sent

to the sponsor. A serious adverse event is defined as: fatal or

life threatening, permanently disabling, requires inpatient

hospitalization or prolongation of hospitalization, is a

congenital anomaly, cancer or overdose.

All adverse experiences must be recorded on the Adverse
Experience Case Report Form. The report should include:

severity, duration, outcome and the investigator's written

medical judgment as to relationship of the adverse experience to

the study procedure (i.e. "unrelated", "probably", "possibly" or

"unknown").

10.0 WITHDRAWAL FROM THE STUDY
Patients may be removed from the study for the following reasons:

a) An intercurrent illness which would, in the judgment of

the Principal Investigator, affect the assessment of the

patient's clinical status to a significant degree, require the

discontinuation of therapy, or both.

b) Unacceptable toxicity as listed in section 9.3 using the NCI
toxicity guidelines.

c) Patient non-compliance with the study protocol.

d) Patient voluntarily decides to withdraw.
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All patients who are withdrawn from the study before week 24 must be
given a complete physical examination and tests as outlined for week
24 should be done. The patient number must not be re-assigned to

another patient.

11.0 EFFICACY PARAMETERS

11.1 Tumor Status Assessment
11.1.1 Parameter

The patient must have one or more measurable lesions by
physical examination or non-invasive radiologic procedure.

Measurable is defined as the product of two perpendicular

diameters of marker lesions, in centimeters, applied at the

widest portion of tumor.

11.1.2 Frequency

Screening and week 12.

11.2 Tumor Response
11.2.1 Complete response (CR) is the disappearance of all clinically

detectable disease for a period of at least 28 consecutive days.

11.2.2 Partial response (PR) is a 50% or greater decrease in the sum of

the products of the two greatest perpendicular diameters of all

measurable lesions for a period of at least 28 consecutive days.

No simultaneous increase in the size of any lesion or

appearance of any new lesions may occur.

11.2.3 Stable disease (S) is a <25% increase or <50% decrease in tumor
size as defined above throughout the period of treatment. No
appearance of any new lesions may occur.

11.2.4 Progressive disease (PD) is a >25% increase in tumor size.

Appearance of new lesions will also constitute progressive

disease.

12.0 BIOSTATISTICS
Survival time from the date of diagnosis of metastatic breast cancer to

death will be measured. Also, the time from the date of initiation of

therapy on this study to death will be measured. Efficacy variables will

include detection of disease progression. Immune status will be
assessed by absolute lymphocyte counts and delayed hypersensitivity

skin tests. Specific anti-breast cancer immunity will be measured by
appropriate breast cancer T cell assay.

Sample size determination was based on the major endpoint of the

study, toxicity. For this safety study, interest in this study will be

heightened if the data indicate a toxicity rate of 5 per cent or less.

Conversely, interest in this treatment will diminish if the data indicate

a toxicity rate of 30 per cent or more. For this study, an unacceptable
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toxic event will be any grade 3 or higher toxicity related to

administration of the cells.

The following two stage rule will be used to test the null hypothesis

that the true toxicity rate is greater than or equal to 30 per cent against

the alternative that the true toxicity rate is less than or equal to 5 per

cent. With this design, accrual to the study will stop early if it appears

that the overall toxicity rate is high.

In the first stage, 10 eligible patients will be entered. If 3 or more toxic

events are observed, we will conclude that the data support the null

hypothesis and the study should be closed to further accrual. If 2 or less

toxic events are observed in the first 10 patients, an additional 10

patients will be accrued to this study (for a total of 20).

Overall, if 4 or more toxic events are observed, we will conclude that

the data support the null hypothesis that the toxicity rate is greater than

or equal to 30 per cent. If 3 or less toxic events are observed, we will

reject the null hypothesis in favor of the alternative hypothesis that

the toxicity rate is less than or equal to 5 per cent.

This design has an approximate size alpha = 0.0647 and power 0.9096 to

test the previously stated hypothesis.

Frequency of toxicity occurrence will be tabulated by the most severe

occurrence. Confidence intervals will be provided to aid in estimating

toxicity and response rates. Response and survival will be estimated by
the methods of Kaplan and Meier.

13.0

ETHICAL AND REGULATORY CONSIDERATIONS

13.1 Informed Consent
The principles of informed consent described in FDA
Regulations (21CFR Part 50) must be followed to comply with
Food and Drug Administration regulations. A patient must give

written consent to participate in the study which must be
witnessed and dated, and retained by the investigator as part of

the study records. A copy of the consent form must be given to

the patient. A copy of the consent form must be sent to the

sponsor.

13.2 Institutional Review
This study must be approved by an appropriate Institutional

Review Board (IRB) as defined by the CRF. IRB approval of the

protocol and the informed consent form for this study must be

given in writing.

(2601
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The sponsor must receive a copy of the letter of approval from
the IRB which specifically identifies the documents approved
before shipping drug/devices to the investigator.

The IRB must also approve any significant changes to the

protocol as well as a change of principal investigator, and
documentation of this approval must be sent to the sponsor.

Records of all study review and approval documents must be
kept on file by the investigator and are subject to FDA inspection

during or after completion of the study.

Adverse experiences must also be reported to the IRB. See

Section 9.5 for requirement.

The IRB should receive notification of the completion of the

study and final report within three months of study completion

or termination. A copy of these reports must be sent to the

sponsor. The investigator must maintain an accurate and
complete record of all submissions made to the IRB, including a

list of all reports and documents submitted.

13.3 Documentation
The following will be submitted to the IRB with appropriate

documentation further submitted to the FDA as addenda to the

protocol prior to initiation of the study:

a. A completed and signed Form FDA 1572, "Statement of

Investigator."

b. A copy of the approval letter from the IRB for the protocol

and consent form (or a copy of minutes of the meeting
pertaining to this decision) in compliance with FDA
regulations.

c. A copy of the IRB approved Consent form used to elicit

and record patient consent in compliance with FDA
regulations.

d. Curricula vitae for the investigator(s) and all sub-

investigators.

e. A signed and dated protocol.

f. A description of clinical laboratory facilities that will be

used including name, address, certification, license, and
ranges of values considered normal by the laboratory for

those determinations which it performs for the study.

13.4 Data Collection

Data will be collected for patients on case report forms provided

by the sponsor. Accurate completion of the case report forms for

all patients enrolled in the study is the responsibility of the
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investigator. These forms are an integral part of the study and
reports must be complete. Study patients should be identified on
Case Report Forms by initials and study number, not name. The
investigator must keep a separate log of patient names and
addresses. This log is not subject to FDA inspection.

13.5 Study Administration

13.5.1 Monitoring the Study

The study site will be monitored. The investigator and
staff are expected to cooperate and provide all relevant

study documentation upon request for review by the

monitor, at each site visit.

13.5.2 Interpretation of the Protocol

The procedures defined in the protocol and in the Case
Report Forms will be carefully reviewed at the time of the

Pre-study meeting with the investigators and their study

staff members to insure standardized interpretation and
implementation.

13.5.3 Maintenance of Study Documentation
It is the responsibility of the investigator and the study

staff to maintain a comprehensive and centralized filing

system of all relevant study documentation including:

a. Case Report Forms - which must be kept legible,

accurate and up-to-date. Copies of finalized

computer generated forms will be supplied to the

site(s) by the sponsor.

b. Patient Files /Signed Informed Consent - which
substantiates the data entered on the Case Report

Forms for all required tests and procedures and
verifies that patients have signed an informed
consent to enter the study.

c. Non-Qualifier Screening List - which should reflect

the reason any patient was screened for the study

and found to be ineligible.

d. Monitoring Log - which lists dates of monitor

visits.

e. Regulatory Documents - including protocol(s),

investigator brochure, 1572, CVs, IRB correspond-

ence, IRB approval(s) /renewals and IRB approved

consent form(s).

f. Sponsor Correspondence

g. Device /Drug Accountability Records- if applicable

[
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All Study Documentation pertaining to the conduct of the

study must be kept on file by the investigator for a

minimum of two (2) years after being notified by the

sponsor of either PMA approval or discontinuation of

their IND.

13.5.4 Study Termination

The investigator will complete patient enrollment into

this study in satisfactory compliance with the protocol

within 2 years after receipt of initial supplies.

Specific instances which may precipitate termination are:

a) Unsatisfactory patient enrollment with regard to

quality and quantity (i.e. if less than 2 patients are

enrolled in any 1 year of the study).

b) Deviations from protocol.

c) Inaccurate and/or incomplete data recording on a

recurrent basis.

d) The incidence and/or severity of adverse reactions

in this or other studies indicating a potential health

hazard caused by the device.

13.6 Patient Privacy

The sponsor is concerned for the individual patient's privacy

and, therefore, all patient data will be identified only by initials

and number. The data will be blinded correspondingly in all

data analysis. However, in compliance with Good Clinical

Practices, the monitoring of clinical studies and in fulfillment of

its obligations to the sponsor, it is requested that the investigator

permit the study monitor to review that portion of the patient's

medical record that is directly related to the study.

This shall include all relevant study documentation including

subject medical histories to verify eligibility, laboratory test result

reports to verify transcription accuracy. X-ray reports,

admission/discharge summaries for hospital/outpatient

admissions occurring while the subject is on-study, and autopsy
reports for deaths occurring during the study (if available).

As part of the required content of informed consent, the subject

must be informed that his/her medical chart may be reviewed by
the sponsor, or the sponsor’s authorized representative. Should

access to the medical record require a separate waiver or

authorization, it is the investigator's responsibility to obtain

such permission from the subject in writing before the subject is

entered into the study.
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13.7 Use Of Information And Publication

All information concerning Avectin™ and the sponsor's
operation, such as patent applications, formulas, manufacturing
processes, and basic scientific data supplied by the sponsor and
not previously published are considered confidential and shall

remain the sole property of the sponsor. The investigator agrees

to use this information only in accomplishing this study and
will not use it for other purposes without the sponsor's written

consent.

It is understood by the investigator that the data developed in

this clinical study is the property of the sponsor and will be used

by the sponsor in connection with the development of

Avectin™ and, therefore, may be disclosed as required to other

clinical investigators, the FDA and other government agencies,

and to foreign regulatory authorities.

The investigator may not publish study data prior to complete

patient enrollment. The sponsor must approve all abstracts and
manuscripts at least 30 days prior to submission for publication.
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CONSENT FOR RESEARCH

STUDY TITLE: AIS-1061-9406

A PILOT STUDY OF AUTOLOGOUS HUMAN
INTERLEUKIN 2 GENE MODIFIED TUMOR CELLS IN
PATIENTS WITH REFRACTORY OR RECURRENT
METASTATIC BREAST CANCER

IRB # 302-94-3 Informed Consent

PURPOSE AND BACKGROUND

Your doctor has explained to you that you have advanced breast cancer which cannot be cured by

currently available standard treatments (surgery, chemotherapy, hormonal therapy or radiation

therapy). You are being asked to participate in a research study conducted at Duke University and

sponsored by Applied Immune Sciences, Inc., which was designed to evaluate the safety and

effectiveness of an investigational therapy in which the immune cells are stimulated by tumor cells

which are taken out of your body, changed by a new active immune gene delivery method

(Avectin™), killed by irradiation ,and returned by a small injection into the skin.

When the metastatic lesions are surgically removed as part of your needed clinical care, the tumor

cells will be taken from the metastatic lesion and mechanically disrupted in the test tube. Your

tumor cells will then be modified by insertion of DNA or genetic material (a "gene"). Avectin™

puts the naturally occurring protein substance of the gene for Interleukin 2 (IL-2) into your tumor

cells. The Autologous Interleukin 2 Gene Modified Tumor cells ("GMT") are then used as an active

immune therapy against your cancer. The EL-2 produced by your modified tumor cells will

hopefully make your tumor cells more visible to your immune system and cause your immune

system to attack your tumor cells. This research study is designed to test safety and possible

effectiveness of this "GMT" in terms of stimulating your body's immune system to attack your

metastatic cancer.

The IL-2 gene, or DNA, is inserted into your tumor cells in the laboratory using genetic engineering

techniques that have recently been developed. The IL-2 DNA is inserted into a substance

(Avectin™) which is not a virus and does not grow, but acts as a vehicle to deliver the gene which

would otherwise not be efficiently incorporated into your tumor cells. The gene has the capability of

making your tumor cells express and produce human IL-2. The tumor cells will be killed with

radiation before injection into your body. Each injection will be given in the soft tissue of your body

(subcutaneously). Avectin™ is an experimental agent produced at Applied Immune Sciences, Inc.

Under Dr. H. Kim Lyerly's direction, the EL-2 gene will be incorporated into your tumor cells to

produce the "GMT".

Patient Name:
History Number
Consent version 5/23/94

Patient Initials:
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Patient Name:
CONSENT FOR RESEARCH History Number

Consent version 5/23/94

STUDY TITLE: AIS-1061-9406

A PILOT STUDY OF AUTOLOGOUS HUMAN
INTERLEUKIN 2 GENE MODIFIED TUMOR CELLS IN
PATIENTS WITH REFRACTORY OR RECURRENT
METASTATIC BREAST CANCER

IRB # 302-94-3

If you choose to enter this program, you will be injected with "GMT" every four weeks at weeks 0,

4, 8, and 12 until you have received up to four (4) total injections. The duration of this study will be

24 weeks on an out-patient basis, although you will be followed for the rest of your life for clinical

evaluation. The "GMT" will be prepared under stringent conditions and will be tested for sterility

before injection.

Similar modified tumor cells have been tested in mice and have been found to have some ability to

counteract the growth of tumor. Several studies involving laboratory animals have shown an

increased immune response and reduction of tumor size with these preparations. Several trials in

humans for skin and kidney cancers using a different active immune delivery system for GMT
than vou will receive in this study have begun, including one at Duke, and the results are not

known at this time. It is not known if the response seen in laboratory animals will be seen in

humans.

PROCEDURES:

Blood tests will be done to evaluate the safety and effectiveness of this research. These tests

include: a complete blood count, urinalysis, blood chemistry, and coagulation testing, sedimentation

rate, HIV antibody testing, and Hepatitis B testing. We will also be doing other laboratory or

radiologic studies (chest x-ray, CT scan or MRI, bone marrow biopsy or tumor biopsy) that would

also be done for your breast cancer check-up. All tests are considered standard care and no

additional tests will be done that are not part of your standard care. Your blood will be obtained by

venipuncture (needle stick in a blood vessel in arm) and will total 300cc over the course of this

study, which is 3/5 of a pint. This is the standard method for obtaining blood and is momentarily

painful. There is a small risk of fainting, of some bruising (bleeding under the skin), and a rare

(1/1000) risk of infection.

You will be followed for the rest of your life. Should you move, you should provide the investigator,

Dr. H. Kim Lyerly (681-8350) with your new address.

Patient Initials:
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CONSENT FOR RESEARCH

STUDY TITLE: AIS-1061-9406

A PILOT STUDY OF AUTOLOGOUS HUMAN
INTERLEUKIN 2 GENE MODIFIED TUMOR CELLS IN
PATIENTS WITH REFRACTORY OR RECURRENT
METASTATIC BREAST CANCER

IRB # 302-94-3

RISKS/DISCOMFORTS

It is possible that the "GMT" when administered may cause allergic reactions, such as rash, skin

tenderness, swelling, fever or hives. In addition, you have approximately a 1/5 chance of developing

a lump at the injection site(s) (granuloma). Such granulomas may become hard, tender and inflamed

or may become ulcerated or require draining by your physician. The granulomas may persist as long

as you are still being injected, however, they usually resolve within a few weeks after discontinuing

therapy. The appearance of a granuloma is not necessarily an unwanted side effect and may actually

indicate that you are responding at a slightly greater level to the treatment. Rarely, more severe

allergic reactions could occur, such as severe shortness of breath, low blood pressure or fainting. It

is also possible that you may develop disease in which your immune system attacks normal cells as

well as cancer cells, or so called auto-immune disease. Auto-immune disease, such as arthritis or

lupus, can lead to new medical problems that would require treatment. It is possible that the

materials could cause toxic effects of which we are currently unaware. Because the tumor cells from

your body are altered with a human Interleukin 2 gene using this new active immune therapy

delivery method , unknown toxic side effects are possible as this delivery method fAvectinIM) has

not been previously tested in humans.

Side effects may be experienced in varying degrees: it is unlikely that you would experience all, or

even most, of the side effects described above. Your doctor will do everything that is possible to

prevent or reduce any discomfort or risk. As with any new drug, not all side effects may be known

at the present time. You will be asked to contact your physician or Dr. H. Kim Lyerly, M.D. at (919)

681-8350 to report any side effects, as well as any problems, or questions at any time during your

treatment so that early treatment to try to prevent or minimize the development of severe

complications can be carried out.

Patient Name:
History Number
Consent version 5/23/94

Patient Initials:
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Patient Name:
CONSENT FOR RESEARCH History Number:

Consent version 5/23/94

STUDY TITLE: AIS-1061-9406

A PILOT STUDY OF AUTOLOGOUS HUMAN
INTERLEUKIN 2 GENE MODIFIED TUMOR CELLS IN
PATIENTS WITH REFRACTORY OR RECURRENT
METASTATIC BREAST CANCER

IRB # 302-94-3

A biopsy is usually associated with a small amount of post operative pain. This is usually

controlled with a mild pain medica tion, such a s acetaminophen (Tylenol). The biopsy can be

complicated bv bleeding or infection Bleeding is often controlled bv applvingpressureon.the

incision. Infections are unusual; however, if an infection does occur, it mav require the

administration of antibiotics. Sometimes an infection requires the removal of vour_stitclies and

dressing changes applied to vour incision for a period of time, often for a period of a few

weeks.

Thoracentesis or removal of fluid from vour chest bv placing a needle into vour chest cavity to

withdraw fluid that mav contain tumor cells from vour chest mav be complicated bv the needle

injuring the lung. If the lung is injured, it mav collapse requiring insertion of a larger tube to

allow the lung to re-exoand. and to drain large amounts of fluid. Thoracentesis can be

complicated bv bleeding or an infection. Bleeding or infection are usually treated bv placing

pressure on the puncture site or treating with antibiotics.

Paracentesis or removal of fluid from vour abdominal cavity, involves placing a needle into

vour abdominal cavity to withdraw fluid that mav contain tumor cells from vour abdomen.

This mav be complicated bv the needle injuring the contents of vour abdomen which includes

vour intestine. Bleeding and infection mav complicate paracentesis. Bleeding or infection are

usually_treated bv placing pressu re on the puncture site or treating with antibiotics. In some

cases, the abdominal fluid mav continue to leak from the puncture site. This usually resolves

spontaneously. In some cases, patients mav require further surgery to correct the injury of a

lung or the abdominal contents following thoracentesis or paracentesis.

POTENTIAL BENEFITS

The potential benefit to you is that your tumor may temporarily shrink in size or completely

disappear. No guarantees, however, can be offered that your cancer will respond to the treatment.

Knowledge may be gained from the experiment that will benefit others.

Patient Initials:
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CONSENT FOR RESEARCH

STUDY TITLE: AIS-1061-9406

A PILOT STUDY OF AUTOLOGOUS HUMAN
INTERLEUKIN 2 GENE MODIFIED TUMOR CELLS IN
PATIENTS WITH REFRACTORY OR RECURRENT
METASTATIC BREAST CANCER

IRB # 302-94-3

FOR WOMEN OF CHILDBEARING POTENTIAL: Since this research may have an adverse effect

on any unborn children and should therefore not be done during pregnancy, it is necessary that a

pregnancy test (using two teaspoonfuls of blood drawn from a vein by needle stick) be done first.

You will be asked to take contraceptive measures while you are participating in this study. You will

not be allowed to participate in this study if you are pregnant. To your knowledge, you are not

pregnant at this time.

FOR MEN WITH POTENTIAL TO FATHER CHILDREN: It is not yet determined whether these

drugs can adversely affect sperm development in men and thus have an adverse effect on any future

unborn children. Men who are sexually active must take appropriate contraceptive measures during

their participation in this study.

ALTERNATIVE TREATMENTS:

Alternative treatments for your disease include chemotherapy, surgery, radiation therapy, drugs,

standard or other investigational therapies. You may choose to receive no specific treatment and

only symptomatic treatment for relief of your discomforts at any time.

COSTS:

The "GMT" will be supplied free of charge by the study sponsor. There will be no cost to vou for

the investigational care required as part of the study. In the event that third party pavers do

not pav for research treatments which they deam not part of the standard of care, the sponsor

will be responsible for the costs not covered. Information is available from the Business Office,

(919) 684-2395, concerning costs and likely insurance coverage.

RIGHT TO REFUSE OR WITHDRAW:
Taking part in this study is entirely voluntary. You may decline to participate or you may withdraw

your consent and discontinue participation in the project at any time without affecting your needed

medical care or your relationship with your physician. You will be given a copy of this informed

consent.

Patient Name:
History Number
Consent version 5/23/94

Patient Initials:
, , T ,
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STUDY TITLE: AIS-1061-9406

A PILOT STUDY OF AUTOLOGOUS HUMAN
INTERLEUKIN 2 GENE MODIFIED TUMOR CELLS IN
PATIENTS WITH REFRACTORY OR RECURRENT
METASTATIC BREAST CANCER

IRB# 302-94-3

STATEMENT OF NEW FINDINGS:

During your treatments, you will also be notified of any additional information that becomes

available which might influence your decision to continue in the study.

EMERGENCY TREATMENT AND COMPENSATION FOR INJURY:

In the event vou sustain iniurv as a result of vour active participation in this research project,

immediate medical care is available. If immediate medical care is not covered bv third party

pavers, the sponsor will cover the cost. However, neither the sponsor nor Duke will be liable

for any other damages or costs, exclusive of the cost of immediate medical care for injuries vou

might suffer as a result of vour participation in the project. Further information concerning this

and your rights as a research subject can be obtained from the Hospital Risk Management Office

(919) 684-3277.

TERMINATION OF STUDY:

Your participation in this research may be ended without your consent for the following reasons:

1. If your physician determines it is not in your best interests to continue participation in this

study, your physician may discontinue this treatment.

2. If you experience side effects which your physician considers unacceptable.

3. If you refuse to have treatment or tests recommended by your physician or disregard

requirements of the study.

4. The sponsor terminates the study.

PRIVACY:

The confidentiality of this study's records identifying you will be maintained within Duke University

Medical Center. Your identity will remain confidential if material from the record is used for

publication or for educational purposes. However, you should be aware that hospital personnel, the

sponsor, Applied Immune Sciences, Inc., the Food and Drug Administration (FDA), and/or the

National Cancer Institute (NCI) may inspect the records.

Patient Initials:
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CONSENT FOR RESEARCH
Patient Name:
History Number:
Consent version 5/23/94

STUDY TITLE: AIS-1061-9406

A PILOT STUDY OF AUTOLOGOUS HUMAN
INTERLEUKIN 2 GENE MODIFIED TUMOR CELLS IN
PATIENTS WITH REFRACTORY OR RECURRENT
METASTATIC BREAST CANCER

IRB # 302-94-3

AUTOPSY:

In the event of death, whether from accident or illness, even if it is unrelated to the experiment, an

autopsy will be requested of the family. You should make your wishes known to your family.

"I have read the above and have been given the opportunity to discuss it and to ask questions. I have

been informed that I may contact Dr. H. Kim Lyerly at (919) 681-8350 to answer any questions that

I may have during the investigation. I may contact the Office of Risk Management (919) 684-3277

for any questions concerning my rights as a research subject. I agree to participate as a research

subject and certify that I have been informed of the purposes, procedures, risks and possible benefits

of this study. I agree to participate with the understanding that I may refuse to participate and may

withdraw at any time without interfering with my regular medical care."

Signature of Patient Date

Signature of Person Obtaining Consent Date

cc: Patient

Medical Record
Principal Investigator

Business Office

Applied Immune Sciences (sponsor)

Patient Initials:
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Scientific Abstract

SCIENTIFIC ABSTRACT

Hunter syndrome is a rare (1/100,000 births), lethal, X-linked disorder
of glycosaminoglycan (GAG) metabolism resulting from defective iduronate-2-
sulfatase (IDS) enzyme activity and the consequent systemic accumulation of
heparan sulfate and dermatan sulfate within lysosomes. As a model for

mucopolysaccharidosis (MPS) storage diseases, Hunter syndrome is associated
with global pathophysiology which sometimes includes the central nervous
system (CNS). Death usually results from obstructive respiratory disease
and/or complex cardiac involvement. Patients with the "mild form" experience
only the somatic disease and survive to age 30 - 40 years. Conventional
therapy is symptomatic and limited to palliative procedures (eg, herniorrhaphy,
tracheostomy) which have virtually no impact upon the ultimate lethality of the
disease. Allogeneic bone marrow transplantation (BMT) for patients with MPS
diseases has been shown to provide a continuous source of enzyme and
produces metabolic correction in many tissues as evidenced by reduction of
urinary GAG excretion, disappearance of lysosomal inclusions from the liver,

and amelioration of respiratory disease. However, several factors limit the
application of BMT including the high morbidity and mortality of the
procedure, lack of histocompatible donors, and tremendous cost of treatment
($200,000 - $1,000,000/patient). These limitations now motivate exploration
of gene therapy. Preclinical studies suggest that retroviral-mediated insertion

and expression of the human IDS gene in hematopoietic cells will prove to be a
feasible, safe, and efficacious means of treating patients with mild Hunter
syndrome. This phase I/phase II trial will use the clinically-proven retroviral

gene delivery system (ie, LXSN) to assess the therapeutic effect of expressing
recombinant IDS in 4 patients (2 adults and 2 children) with the mild form of

Hunter syndrome. Eligibility criteria will include clinical features, biochemical
abnormalities, and identification of the specific gene mutation, to identify those
individuals with genotypes characteristic of the mild form of Hunter syndrome.
Peripheral blood lymphocytes (PBL) will be harvested by apheresis and then
stimulated with anti-CD3 antibody and maintained in culture with IL-2 to

expand T-lymphocyte populations. Utilizing L2SN (IND #5370, a therapeutic
retroviral vector designed for insertion and expression of the IDS gene), PBL will

be transduced ex vivo and then infused on a monthly basis. Subsequent
studies will determine the frequency of PBL transduction and the half-life of

infused cells. Evaluation of patients will include measurement of blood levels

of the recombinant IDS enzyme, assessment of metabolic correction (ie, urinary
GAG levels), clinical response of the disease (ie, liver and spleen volume,
pulmonaiy function tests, echocardiography, EKG), and monitor for potential

toxicities. Although patients with mild Hunter syndrome are characterized by
normal intellect, this study will also assess GAG deposition in the CNS by
magnetic resonance imaging. In summary, this phase I/phase II study is

anticipated to demonstrate the safety of L2SN-mediated gene therapy and
provide a preliminary evaluation of clinical efficacy.
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Non-Technical Abstract

NON TECHNICAL ABSTRACT

The overall purpose of this study is to evaluate the possibility of treating

Hunter syndrome (mucopolysaccharidosis type II), a severe heritable disease,

by a form of gene therapy using an LXSN-class vector "L2SN". This vector is a
retrovirus genetically-modified to carry the normal gene for normal human
iduronate-2-sulfatase (IDS) which is lacking in patients with Hunter syndrome.
For treatment, lymphocyte blood cells will be removed from the patient, grown
in the laboratory, and exposed to the L2SN vector. The treated lymphocytes
will then be returned to the blood stream by intravenous injection. It is hoped
that the treated lymphocytes will survive in the blood stream for several days or

longer and will be able to partially replenish the IDS enzyme which is missing.
It is hoped that some of the symptoms of Hunter syndrome will be slowed,
prevented, or reversed by this treatment.

The specific goals of this study are to:

(1) Determine the amount of IDS enzyme that can be achieved in the body
after injecting lymphocytes which have been treated with the L2SN virus.

(2) Determine how long these genetically modified lymphocytes can survive in

the blood stream.

(3) Determine if the genetically modified lymphocytes will reduce the abnormal
amounts of glycosaminoglycan storage material in urine.

(4) Determine if the genetically modified lymphocytes will decrease the size of

the patient's enlarged liver and spleen, and if this treatment will improve
heart and respiratory functions.

(5) Determine if there are any other effects of this new form of treatment (i.e.,

watch for other improvements and for side-effects of the treatment).
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Into Lymphocytes for Treatment of Mild Hunter Syndrome

(Mucopolysaccharidosis Type II)
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Minneapolis, MN
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Associate Investigator: R Scott Mclvor, Ph.D.

Collaborators: Susan A. Berry, M.D.

Bruce R Blazar, M.D.

John H. Kersey, M.D.
Richard A. King, M.D., Ph.D.

Anthony J. Faras, Ph.D.

Richard E. Latchaw, M.D.

Jeffrey J. McCullough, M.D.
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Lymphocyte Gene Therapy for Mild Hunter Syndrome
1.0

SPECIFIC AIMS

The overall objective of this study is to evaluate the feasibility of treating Hunter syndrome

by lymphocyte gene therapy. Peripheral blood lymphocytes (PBL) will be harvested by

conventional apheresis. After stimulation with anti-CD3 antibody and growth in culture (with IL-

2) for 3-1/2 days, the expanded population of T-lymphocytes will be transduced with L2SN (END

#5370), a retrovirus vector designed for insertion and expression of the human IDS gene. The
heterogeneous population of cells, including transduced and non-transduced cells (i.e., not

selected with G418), will be returned to the patient by intravenous infusion. It is anticipated that

the transduced lymphocytes will survive for several weeks, partially replenishing the deficient

IDS enzyme, and resulting in metabolic correction. Conceptually, this approach goes beyond the

pioneering trial of lymphocyte gene therapy for ADA deficiency: it seeks to determine if

therapeutic numbers of cells and recombinant gene product (i.e.. enzyme) can be delivered to treat

systemic disease. It is hoped that some of the most serious symptoms of Hunter syndrome will be

slowed, prevented, or reversed by this treatment. Thus, the specific objectives of this clinical trial

are:

1.1 Enzyme "Dose" Determine the levels of IDS enzyme that are attained by infusing increasing

"doses" of L2SN-transduced lymphocytes ranging from 5 x 107 cells/kg (initial dose) to 5 x 109

cells (maximal feasible dose).

1.2 Cell Survival Determine the duration of survival of these transduced cells by quantitating the

pool of L2SN genetically-modified cells.

1.3 Metabolic Correction Determine if monthly infusion of L2SN-transduced lymphocytes will

accomplish metabolic correction as measured by reduction of urinary glycosaminoglycan

excretion.

1.4 Pathophysiology Determine if monthly infusion of L2SN-transduced lymphocytes will

decrease liver and spleen volumes, and have any therapeutic effect upon cardiac and pulmonary

dysfunction.

1.5 Other Effects Determine if there are any other effects of this treatment regimen including (a)

observation for other improvements such as decreased glycosaminoglycan in the brain as imaged

by MRI, and (b) monitor for potential adverse reactions to treatment.

2.0 BACKGROUND AND SIGNIFICANCE

2.1 Overview

Hunter syndrome (mucopolysaccharidosis type II) is a rare* X-linked recessive inborn error

of lysosomal metabolism resulting from deficient iduronate-2-sulfatase (IDS) enzyme (reviewed in

references 1-3). Consequent accumulation of the glycosaminoglycan substrates is clinically

manifest as hepatosplenomegaly, skeletal abnormalities, cardiopulmonary failure and early

demise. Patients with the "severe" form of Hunter syndrome incur progressive mental retardation

* Estimated to occur at a frequency of 1/100,000 births (see reference 3, included in the appendix,

for a comprehensive review).
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Lymphocyte Gene Therapy for Mild Hunter Syndrome

and die in childhood, while those with the "mild" form experience only the other somatic disease

and survive to age 30 - 40 years. Conventional therapy is limited to palliative procedures (e.g.,

repair of carpal tunnel syndrome, herniorrhaphy, tracheotomy) which have virtually no impact

upon the ultimate lethality of the disease.

Allogeneic bone marrow transplantation (BMT) for patients with mucopolysaccharidosis

diseases has been shown to provide a continuous source of enzyme and produces metabolic

correction in many tissues (detailed below) as evidenced by reduction of urinary

glycosaminoglycan excretion, disappearance of lysosomal inclusions in the liver, and amelioration

of respiratory disease. However, several factors limit the application of BMT including the high

morbidity and mortality of the procedure, lack of histocompatible donors, and tremendous cost of

treatment ($200,000 - $1,000,000 per patient).

These limitations now motivate exploration of alternate therapeutic modalities. A
straightforward approach would be to combine the proven effectiveness of ex vivo lymphocyte

gene therapy utilizing the LXSN-based retroviral vector system, and the encouraging results of

bone marrow transplantation for somatic features of Hunter syndrome (Fig. 1). Predinical studies

(see Preliminary Studies, below) suggest that retroviral-mediated insertion and expression of the

human IDS gene in hematopoietic cells will prove to be a feasible, safe, and efficacious means of

treating patients with mild Hunter syndrome.

Fig.l

Lymphocyte Gene Therapy for Mild Hunter Syndrome
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Lymphocyte Gene Therapy for Mild Hunter Syndrome

This phase I/phase n trial will use the clinically-proven retroviral gene delivery system

(i.e., LXSN) to assess the therapeutic effect of expressing recombinant IDS in 4 patients (2 adults

and 2 children) with the mild form of Hunter syndrome. Eligibility criteria will include clinical

features, biochemical abnormalities, and identification of the specific gene mutation as recently

pioneered in this laboratory, to identify those individuals with genotypes characteristic of the

mild form of Hunter syndrome. Peripheral blood lymphocytes (PBL) will be harvested by
apheresis and then stimulated with anti-CD3 antibody and maintained in culture with IL-2 to

expand T-lymphocyte populations according to standard methods. Utilizing L2SN (a therapeutic

retroviral vector designed for insertion and expression of the IDS gene), PBL will be transduced ex

vivo and then infused on a monthly basis. Subsequent studies will determine the frequency of

PBL transduction and the half-life of infused cells. Evaluation of patients will include

measurement of blood levels of the recombinant IDS enzyme, assessment of metabolic correction

(i.e., urinary GAG), clinical response of the disease (i.e., liver and spleen volume, pulmonary
function tests, echocardiography, EKG), and monitor for potential toxicities. Although patients

with mild Hunter syndrome are characterized by normal intellect, this study will also assess GAG
deposition in the central nervous system by magnetic resonance imaging. In summary, this phase

I/phase II study is anticipated to demonstrate the safety of L2SN-mediated gene therapy and
provide preliminary evaluation of clinical efficacy.

2.2 Hunter Syndrome

Hunter syndrome is an X-linked recessive inborn error glycosaminoglycan (GAG)
metabolism resulting from deficiency of lysosomal iduronate-2-sulfatase (IDS) (1-3). In normal

individuals IDS cleaves a 2-sulfate moiety from terminal iduronic acid residues in dermatan
sulfate and heparan sulfate. Thus, deficiency of IDS activity in patients with Hunter syndrome
results in systemic accumulation of GAG species heparan sulfate and dermatan sulfate.

2.2.1 Severe Hunter Syndrome

Most children with Hunter syndrome have a relatively "severe" form with early somatic

abnormalities including skeletal deformities (dysostosis multiplex), hepatosplenomegaly, and
progressive cardiopulmonary deterioration. A prominent feature is the presence of brain damage
initially evident as developmental delay and hyperactivity but which progresses to mental

retardation and eventually to dementia. Patients with severe Hunter syndrome die before age 15

usually as a result of obstructive airway disease or cardiac failure (4,5). Because this therapeutic

approach (i.e., ex vivo lymphocyte gene therapy) may not have significant effect on the brain,

patients with severe Hunter syndrome will not be eligible for entry into this study.

2.2.2 Mild Hunter Syndrome

Patients with the "mild" form of Hunter syndrome may survive into adulthood with

attenuated somatic complications and often without mental retardation (4, 5). However, even

those with the mild form become physically debilitated, incur severe cardiopulmonary disease,

and die early in life, typically between 20 to 40 years of age (4, 5). Patients with mild Hunter
syndrome will be eligible for this protocol and successful treatment may be life-saving for such

patients.
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Lymphocyte Gene Therapy for Mild Hunter Syndrome

2.2.3 Molecular Genetics

Recent cloning and sequencing of the human IDS coding region (6) has made possible the

characterization of specific mutations causing Hunter syndrome. Cumulated results of work in

this laboratory and several others have determined that many patients (14 of 62 studied) have

major gene deletions or rearrangements as detected by Southern analysis (7-9) or by reverse

transcription (RT) linked to polymerase chain reaction (PCR) (10, 11). Such major gene defects are

found in patients with severe disease having neurologic involvement.

However, most affected individuals have single-base substitutions. To rapidly identify all

such mutations, we recently developed an automated method to sequence the entire IDS coding

region from small blood specimens (12). To date, work in this laboratory (13) and others (10, 14-

19) has identified approximately 30 mutations thus providing an index of genotype-phenotype

correlations differentiating "severe" and "mild" forms. Patients with severe Hunter syndrome
have frame-shift mutations, non-sense mutations, or amino acid substitution at a critical position.

Patients with mild Hunter syndrome typically have missense mutations which cause a relatively

conservative amino acid substitution at a less critical position or which cause splicing errors.

Mutation analysis by automated sequencing has proven to be an excellent diagnostic method and

will be a major criterion in determining eligibility of patients for this study.

2.3 Current Therapy

Existing therapy for Hunter syndrome is limited to symptomatic treatment and palliative

procedures (such as herniorrhaphy, carpal tunnel repair, tracheotomy, etc.). No conventional

therapy is curative or significantly alters the natural course of the disease. Even experimental

bone marrow transplantation (BMT) is now generally viewed as unacceptable for most patients

with Hunter syndrome (described below).

2.3.1 Bone Marrow Transplantation

Allogeneic BMT has been accomplished for several of the MPS diseases as a means of

providing a continuous, systemic source of enzyme. In 1981, successful engraftment of normal
bone marrow into children with Hurler syndrome (MPS I, alpha-L-iduronidase deficiency) was
first reported. (20, 21) Continuing clinical trials have substantiated improvement in several

biochemical and pathophysiologic correlates collectively described as "metabolic correction". (22)

Subsequent animal studies of marrow transplantation were conducted in a feline model of

Maroteaux-Lamy syndrome (MPS VI, N-acetylgalactosamine 4-sulfatase deficiency) (23), a canine

model of Hurler-Scheie syndrome (23-26), a murine model of Sly syndrome (MPS VII, 6-

glucuronidase deficiency) (27), and a number of other lysosomal storage diseases. From these

studies it has become apparent that many biochemical and physiologic improvements occur

following engraftment.

The morbidity and the limitations of treatment continue to be defined as engrafted children

mature (28). Thirty-eight patients with MPS have undergone bone marrow transplantation at the

University of Minnesota using a closely-matched donor (29). The outcome of this group with

respect to survival is tabulated below (Table 1).
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Table 1 - Survival After Bone Marrow Transplantation For Mucopolysaccharidosis Diseases

Utilizing A Closely-Matched Donor (University of Minnesota - October, 1993)

Type of Donor Surviving Fraction Survival

(%)
MPS I MPS II MPS III MPS VI Total

HLA-identical 10/13 1/1 3/3 2/2 16/19 84%
Other relative 2/5 0/2 2/7 29%
Unrelated 6/10 0/1 1/1 7/12 59%

Total 18/28 1/2 4/6 2/2 25/38

All children with MPS n, MPS m, and MPS VI who have survived with complete or partial

donor engraftment have shown a clinical response with improvement of several biochemical and
physiologic indicators such as urine and hepatic GAG accumulation, liver and spleen size (22, 29,

30). All engrafted patients are free of the life-threatening obstructive airway disease, a therapeutic

response to transplantation which has been life-saving . (22. 29, 31)

Although height measurements, radiographic studies, and bone biopsy showed little or no

improvement in the skeletal system during the first 1 to 3 years posttransplantation (22), more
recent radiographic observations are showing some bony remodeling in children who have been

engrafted for several years. Serial long bone measurements indicate that linear growth is within

the normal range; however, early patterns of abnormal skeletal growth which have occurred

before engraftment still persist.

The response of central nervous system disease following bone marrow transplantation is

significant. In engrafted patients, electroretinographic abnormalities have been attenuated (32).

Lumbar CSF pressure and cranial imaging studies have showed resolution of hydrocephalus (29).

Long-term intellectual progress continues to be evaluated with variable outcomes which are

related, in part, to pretransplantation neurologic damage (29) thus indicating the need for early

treatment.

In the past, interpretation of the response to donor marrow engraftment has been limited

owing to underlying genetic heterogeneity. However, recent comparison of the outcomes of

children surviving BMT to the natural history of untreated children with identical mutations has

provided a better evaluation of the response to transplantation (33). The outcome of patients

undergoing BMT was studied with respect to common molecular genotypes in a blinded,

retrospective fashion. Of 22 patients with Hurler syndrome undergoing BMT, 10 were found to

have common alpha-L-iduronidase genotypes previously associated with severe disease (5 were
W402X/W402X; 5 were W402X/Q70X) of which 6 were long-term survivors with donor
engraftment. Of 2 survivors with "classic” severe genotypes, both maintained normal IQ scores

several years after transplant (IQ 86 at 5y-llm and IQ 94 at 4y-6m, respectively) and had no
increase in brain atrophy (volume loss by CT). Four others with developmental delay (Bayley

MDI <80) continued to survive but with persistently low IQ. Thus, retrospective mutation

analysis demonstrated that children with "severe" molecular genotypes may have prolonged

survival with preservation of intellectual function, if engrafted early in the course of disease and
prior to significant brain damage. These encouraging results provide an example of how
knowledge of the molecular genetic basis of an MPS disease facilitates an understanding of the
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potential benefits of a particular therapy (i.e. bone marrow transplant) and need to be considered

in anticipating gene therapy for Hunter syndrome.

Several factors limit the use of BMT for treatment of MPS diseases: (i) only 20-30% of

affected individuals have an HLA-identical sibling donor; (ii) there is a significant mortality

(approximately 20% mortality using an HLA-identical sibling donor, and 50% mortality using a

closely-matched non-sibling relative or unrelated donor); (iii) significant risk of complications

such as graft-versus-host disease; (iv) the procedure is exceedingly expensive owing to prolonged

hospitalization (ranging $200,000 - $1,000,000 per patient); and (v) there has been a limited

response in the CNS for some disorders.

For Hunter syndrome, successfully engrafted children have shown decreased urine and

hepatic GAG, decreased liver and spleen volumes, and no airway obstruction. We thus propose

that IDS gene transfer and expression in peripheral blood lymphocytes (PBL1 will similarly

provide enzyme capable of conferring metabolic correction and amelioration of the life-

threatening symptoms.

2.3.2 Enzyme Replacement Therapy

The MPS diseases have been largely unresponsive to conventional medical intervention

and currently available treatments (such as tracheotomy, VP-shunt placement, carpal tunnel

surgery, etc.) are only palliative. As a consequence, these diseases have been prototypes for in

vitro studies and clinical trials of treatment by enzyme therapy. An approach to therapy was
suggested when Neufeld and colleagues discovered that "corrective factors" could be exchanged

between cultured cells (34). It was originally proposed that such enzymes are secreted to the

extracellular environment and subsequently re-captured and delivered to lysosomes (35).

However, it has been more recently determined that mannose-6-phosphate receptors mediate

normal lysosomal enzyme "maturation" by the trafficking and compartmentalization of lysosomal

proteins through the golgi-endoplasmic reticulum-lysosome (GERL) system; relatively small

amounts of enzyme actually escape to the extracellular milieu (1). The therapeutic applications of

exogenous enzyme uptake into lysosomes have become widely appreciated (36). Several means of

providing replacement enzyme have been studied. However, experimental attempts to treat MPS
diseases by enzyme therapy have been largely unsuccessful: early trials of infusing normal plasma

(37), infusion of leukocytes, (38) subcutaneous implantation of amniotic membranes,(39, 40) and
even liver transplantation (Philipart, personal communication) have sometimes produced
minimal, salutary effects but failed to demonstrate a response sufficient to merit continued

therapeutic application.

In summary, satisfactory systemic therapy is not currently available for Hunter syndrome
except for relatively high-risk bone marrow transplantation. Enzyme therapy has been
contemplated but will be limited by the immense cost of producing sufficient quantities of

enzyme, and potential immune response to injected protein.

2.4 Gene Therapy

The success of allogeneic bone marrow transplantation in providing a source of enzyme
capable of clearing storage materials in some organs and impeding neurological degeneration in

some diseases has led to the suggestion that MPS diseases may be treatable by the introduction of

new gene sequences into autologous somatic cells (41). The recent isolation of genes and cDNA
sequences encoding many of the lysosomal enzymes (2) raises the possibility of applying gene

transfer and expression to the treatment of MPS diseases.
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2.4.1 Animal Models

The response of potential gene therapy systems has been assessed, not only at the level of in

vitro expression of functional gene products, but also the extent to which gene transfer and
expression can bring about amelioration of symptoms of the disease in animal models. In animal

models of human diseases, a variety of gene transfer systems have demonstrated correction of

growth defects (42), reproductive dysfunction (43), thallassemia (44), neurological defects (45) and

even glycosaminoglycan storage disease (46). The Watanabe rabbit has been successfully used as

an animal model for gene therapy of familial hypercholesterolemia by retroviral-mediated LDL
receptor gene transfer into hepatocytes of the liver (47), demonstrating a long-term reduction in

serum cholesterol. A mouse strain bred to homozygosity for the CFTR gene (disrupted by
homologous recombination) has also been used for gene transfer experiments targeting the lung

epithelium. Chloride ion defects were corrected as a model for gene therapy of cystic fibrosis (48).

In animal studies most closely paralleling the currently-proposed clinical trial, retroviral-

mediated insertion of a C-glucuronidase gene into hematopoietic cells resulted in a significant

reduction in liver and spleen pathology in mice affected with mucopolysaccharidosis type VII (or

"Sly disease") (49). In combination with the past experience of bone marrow transplantation in

human subjects (30. 50V such animal studies illustrate the feasibility and physiologic responses

which are to be anticipated in patients with mild Hunter syndrome receiving ex vivo lymphocyte

gene therapy .

2.4.2 Clinical Trials Of Gene Therapy

Retroviral-mediated gene transfer was first initiated in humans in 1989 for the purpose of

tracking cells infused for therapeutic purposes (51) Gene therapy, where the therapeutic purpose

involved actual expression of the inserted gene, was first initiated for adenosine deaminase (ADA)
deficiency in the fall of 1990 (52). There are currently 16 human gene therapy protocols which

have been initiated where expression of the inserted gene may be of therapeutic benefit, 10

protocols for treatment of cancer or AIDS and 6 protocols for treatment of inherited human
disease including ADA deficiency, familial hypercholesterolemia, hemophilia B and cystic fibrosis

(53). In addition, there are numerous human gene therapy protocols currently under regulatory

review which may be initiated in the near future.

2.4.3 Gene Transfer Into Lymphocytes

Lymphocytes have been investigated as a target cell population for several human gene

transfer studies (51). Although genetically corrected lymphocytes would have a limited duration

of action, lymphocytes do provide a cell population in which gene transfer has now been proven

feasible. Human tumor-infiltrating lymphocytes (TIL) were initially transduced ex vivo with

recombinant retroviruses on a large scale (54) and then introduced into patients for tracking

purposes. Vector sequences were detected in the blood stream for three weeks and longer (51).

The marked TIL studies formed the basis for more recently-initiated clinical trials of ADA-
virus transduced autologous peripheral blood lymphocytes (PBL) in the treatment of ADA
deficiency (55). In this trial, leukocytes were obtained by apheresis from the affected patient and

cultured with anti-CD3 monoclonal antibody and recombinant interleukin-2 (IL2) to stimulate T-

lymphocyte growth and transduction with ADA-retrovirus (56, 57). Infusions were initiated in

September, 1990 (52). Two patients demonstrated a persistence of the ADA gene-corrected T cells
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with rnntinnpH ADA pnz.ymp production in PBL. These results lend confidence to the idea that~

PBL can be accessed, stimulated to grow in culture, subjected to retroviral-mediated gene transfer

and then infused into patients for gene expression as therapy for an inherited genetic disease.

3.0 PRELIMINARY STUDIES

Infusion of lymphocytes from MPS patients which have been genetically modified to

express the deficient enzyme could provide a therapeutic alternative for these patients. Exocytosis

of soluble enzyme and uptake by mannose-6-phosphate receptor-mediated endocytosis has been

postulated to be the primary mechanism of enzyme transfer. However, other more recent studies

have also demonstrated enzyme transfer by cell-to-cell contact; in vitro, enzyme may be

transferred from lymphocytes to fibroblasts (58, 59).

A limited trial of infusion of normal allogeneic lymphocytes as therapy for MPS types I and

II (38) resulted in respiratory improvement. Because very small amounts of enzyme appear to be

capable of normal GAG catabolism (60), and because infusion of allogeneic leukocytes has been

shown to decrease airway disease in patients with mild Hunter syndrome, the use of transduced

lymphocytes appears to be a viable approach to treatment in some patients. We anticipate that

repeated infusions of genetically modified autologous PBL would be effective in providing

enzyme analogous to the response of prolonged normal marrow engraftment.

We have recently constructed a series of IDS retroviral vectors including L2SN (Fig. 2)

exhibiting high-level IDS expression after transduction of cells from patients with Hunter

syndrome (61-63). The G418-selectable virus L2SN was packaged by transfection into GP+E86
cells, collecting transient-generated ecotropic virus and using this to infect PA317 cells. Resultant

G418 resistant PA317 clones were then screened for those producing the highest titer of virus (3 x

10^/ml). Proviral structure in virus producer cell lines was intact as assessed by overlapping PCR
reactions extending from 5' of the neo gene to the polypurine tract in the retroviral vector

downstream of the IDS coding sequence.

Fig. 2 - IDS Retroviral Vector L2SN

L2SN IDS MS3
As an initial test system for studying the function and effectiveness of the L2SN vector, we

have used lymphoblastoid cell lines (LCL) established from patients with Hunter syndrome as a

target cell population (LCLmps)* Extensive initial work has been conducted (61-63) using L2SN to

infect LCLmps, selecting for positive transductants in medium containing 1.0 mg/ml G418.

Analysis of two different transductant cell populations indicated that the L2SN-transduced

LCLmps expressed levels of IDS enzyme increased 10- to nearly 70-fold over the level observed in

LCL established from normal individuals, i.e., LCLNormal (Table 2). These findings are consistent

with results recently reported by several different laboratories, indicating a low endogenous level

of many of the lysosomal enzymes, with subsequent high-level expression after gene transfer

using strong heterologous regulatory elements. This high-level IDS expression after retroviral-

mediated gene transfer facilitates studies into the subsequent correction of lysosomal metabolism

(see below).
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Table 2 - IDS Expression By L2SNTransduced Lymphoblastoid Cell Lines from Patients with

Hunter Syndrome (LCLmps)

Cell Line IDS Enzyme Activity (± S.D.)

U/mg/hr

LCLj\jorma i
829 ± 131

LCLmps <10

lclmps-lxsn <10

LCLmps-L2SN 8,766 ±3,468

LCLmps-L2SN 55,763 ±18,729

Amphotropically packaged IDS retroviral vectors have now been used to transduce

LCLmps, monitoring the exposed cell population for IDS enzyme activity expressed and also for

integrant frequency. LCLmps were exposed to virus at a multiplicity of infection of approximately

4 and then cultured for a period of 3 days before preparation of crude cell extracts for IDS enzyme
assay. Genomic DNA was also extracted to quantitate the frequency of IDS proviral integrants

using a quantitative PCR assay. IDS proviral integration was assessed in a semiquantitative PCR-
based assay. This technique indicated the presence of IDS proviral integrants at a level of 0.5% to

3.0%. IDS enzyme activity was present in all transduced cell populations at a level of 70 to 130 x

103 units per proviral integrant (Table 3). After G418-selection for 1 month, IDS activity increased

to 30-fold of normal levels (18,600 U/mg/h for L2SN). These results verify the function of the IDS

retroviral vector construct as packaged virus as well as the technical capability to assess IDS
enzyme expression and the frequency of even low-frequency proviral integration. In summary,
heterogeneous, unselected LCLmps cultures expressed IDS levels comparable with normal

although only 0.5-2% of targeted cells were infected in these initial pilot studies.

Table 3 - Transduction Frequency and IDS Expression Of L2SN In LCLmps

IDS Titer LCL Transduction IDS Activity IDS Activity

Virus cfu/ml Frequencyb in LCLmps0 per Integrantd

L2SN 3x 106 2.5% 1,370 54,800

bSemiquantitatiave PCR. cAssayed in IDS-deficient LCL^p^; IDS in normal LCL ~700 U/mg/h.

dlDS activity divided byfraction of cells infected.

The L2SN-transduced LCLmps (described above) were assayed for accumulation of

glycosaminoglycans by incubation in the presence of 35SC>4, monitoring incorporation into

macromolecular material (Fig. 3). Control (LXSN-transduced) LCLmps accumulated 35SC>4 over

three days, while normal LCL did not accumulate 35S04 beyond the first 24 hrs. However,

LCLmps transduced with L2SN did not accumulate 35SC>4 beyond the first day, indicating that

lysosomal metabolism had been corrected in these transduced cells by high-level expression of

IDS.
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Fig. 3 - Correction Of Glycosaminoglycan Metabolism In LCLmps-L2SN

The ability of this high-level expression in LCL to mediate correction of lysosomal

metabolism in co-cultivated, untransduced cells was also tested. Diploid fibroblast cultures

established from patients with Hunter syndrome were studied by labeling of glycosaminoglycan

with 35S04 . Co-cultivated L2SN-transduced LCLmps were more effective at preventing 35s04

accumulation into Hunter fibroblasts than control virus (LXSN) transduced LCLmps or normal
LCL (Fig. 4).
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Fig. 4 - Decreased Radiosulfate Accumulation By Co-Cultivation

With L2SN-Transduced LCLmps

These results demonstrate that the high-level IDS enzyme levels of LCL not only correct

metabolism in the LCL, but also mediate intercellular cross-correction of lysosomal metabolism in

co-cultivated, untransduced Hunter fibroblasts. These results are significant in the development
of gene therapy for Hunter syndrome because they demonstrate that recombinant enzyme
expressed from a transduced lvmphohematopoietic cell is capable of gaining access to cells of a

distinct type and participating in the metabolism of glycosaminoglycans. In the transfer and
expression of IDS and other genes in cells of the circulatory system, such intercellular cross

correction is exactly what will be needed for this approach to be effective in correcting symptoms
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of storage materials accumulated in different tissues accessed by the blood. These results thus

constitute an in vitro model for gene therapy of Hunter syndrome by IDS gene transfer into

lymphoid cells, supporting this clinical trial.

While the studies described above on have provided an initial indication of the

effectiveness of the constructed IDS viruses in providing high-level expression and metabolic

correction, transduction of lymphocytes cultured from the peripheral blood of patients with

Hunter syndrome will more directly test the potential applicability of this approach to human
therapy. Peripheral blood mononuclear cells were therefore isolated and then cultured in the

presence of 100 units/ml IL2 and anti-CD3 to engage the T-cell receptor and stimulate growth of

T-cells. Cells were transduced with LXSN and L2SN retroviral vectors at a multiplicity of

approximately 2:1 for either 3 or 4 rounds of infection. The enzymatic activity of heterogeneous

(non-selected) PBL populations is compared to the level of normal, uncultured leukocytes (WBC)
in Table 4.

Table 4 - IDS Expression In L2SN-Transduced Peripheral Blood Lymphocytes

IDS Enzymatic Activity (U/mg/hr)

Cells Mean Range SD n

WBCfsJormal 807 418 - 1,250 252 23

PBLMPS-LXSN 32 8.2 - 98 30 8

PBLmps_L2SN 470 124 - 775 248 10

IDS activity was virtually undetectable in extracts from untransduced or LXSN (control virus)

transduced lymphocytes. All heterogeneous (unselected) PBLmps cultures transduced with

therapeutic vector L2SN expressed IDS levels comparable with normal leukocytes.

We have also demonstrated enhanced clearance of 35SC>4-GAG by fibroblasts grown in co-

culture (64). Thus, ex vivo lymphocyte gene therapy for Hunter syndrome may be feasible

despite current limitations on efficiency of gene transfer into hematopoietic cells .

The capability of culturing and transducing large number of has recently been "scaled up"
at the Section of Transfusion Cellular Therapies Facility at the University of Minnesota Hospital.

We have demonstrated apheresis of the requisite number of cells 5 - 9 x 109 during a 2 - 3 hour
pheresis run, removal of contaminating erythrocytes (with 82% recovery of mononuclear cells),

and subsequent culture in 250 ml, 500 ml, and 1,000 ml sterile, gas-permeable culture bags. Initial

studies have demonstrated the effect of various concentrations of IL-2 (100 -1,000 U/ml rIL-2), and
have achieved a 17-fold expansion of the cell population over 10 days (Fig. 5). Bacterial and
fungal cultures showed no contamination.
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4.0

RESEARCH DESIGN AND METHODS

4.1 Selection Of Patients

Two adults (>18 years of age) and two children (ages 5-18 years) with mild Hunter

syndrome will be eligible for entry into this clinical trial. The diagnosis of mild Hunter syndrome
will be determined based upon the following clinical, biochemical, and molecular genetic criteria

(which will be assessed prior to entry into the study):

4.1.1 Clinical Criteria

Patients who will be eligible for this protocol must be 5 years or older at the time of entry

into the protocol and have the clinical manifestations of mild Hunter syndrome (including the

characteristic coarse facial features, hepatosplenomegaly, and radiographic evidence of dysostosis

multiplex). By accepted clinical criteria, individuals with the "mild" form of Hunter syndrome
have normal intelligence (4, 5); thus, eligibility for entry into this protocol will also require

documentation of an IQ score of 80 or higher.

Although eligible candidates will have significant medical problems which merit treatment

(e.g., respiratory disease, cardiac disease), none must be so severe as to be judged as a strict

contraindication to the necessary procedures and tests of the protocol (which includes

plasmapheresis, infusion of cells, and completion of the battery of follow-up studies as outlined

below). The presence of such severe disease would exclude that patient from entry into the study.

4.1.2 Biochemical Criteria

Patients will be found to have (a) pathologically elevated urinary excretion of

glycosaminoglycans (i.e., heparan sulfate and dermatan sulfate) and (b) deficient iduronate-2-

sulfatase (IDS) enzyme activity measured in both plasma and leukocytes.

4.1.3 Molecular Genetic Criteria

Patients will be determined to have a mutation consistent with mild Hunter syndrome,
either: (a) a single-base substitution of the coding sequence not previously associated with the

severe Hunter syndrome phenotype, or (b) an exon-skipping mutation that would allow for

occasional production of (minimal amounts of) normal protein.

Conversely, patients with mutations consistent with the severe form of Hunter syndrome
will be excluded from this study, i.e., those patients with: (a) non-sense mutations resulting in a

truncated IDS protein, (b) partial or complete gene deletions, and (c) missense mutations
previously associated with a severe phenotype.

4.2 Clinical Evaluation Prior To Treatment

Prior to entry into the study, each patient will have a battery of tests and other evaluations

(detailed in Appendix A) to determine eligibility for entry into the clinical protocol. The studies

will also serve as pretreatment 'baseline studies" for subsequent comparison.

4.3 Stratification .And Randomization - Not applicable.
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4.4 Nature Of Procedures Or Therapeutic Agents

Peripheral blood lymphocytes (PBL) will be harvested from the patient by apheresis,

stimulated to initiate the growth of T-lymphocytes, transduced with IDS-containing retrovirus

I

L2SN, and then re-infused into the patient. An outline of the procedure is diagrammed below

(Fig- 1).4.4.1

Isolation And Culture Of Peripheral Blood Lymphocytes

The patient will be admitted to the Clinical Research Center at the University of Minnesota

Hospital Clinic (UMHC). Apheresis will be performed by the UMHC Blood Blank Donor Center

according to an established procedure which obtains 5 - 6 x 10^ lymphocytes from an adult during

a 3-hour pheresis run (or a proportionately lower amount from a child).

Fresh peripheral mononuclear cells (MNC) will be separated from the red cells and
neutrophils by Ficoll-Hypaque density gradient centrifugation. The MNC will then be washed,

counted, and cultured. At the initiation of each new culture, 10 ng/ml anti-CD3 antibody (Ortho)

monoclonal antibody will be added to stimulate the outgrowth of T-lymphocytes. Cultures will

be grown in plastic Petri plates or in Lifecore bags (Baxter) at a concentration of approximately 0.5

- 2 x 106 cells/ml in media which consists of AJM-V (GIBCO) with 2 mM glutamine, 50 U/ml
penicillin, 50 ug/ml streptomycin, 2.5 ug/ml Fungizone, and 200 U/ml of FL-2 (Cetus). The cells

will be cultured at 37°C in a humidified incubator with 5% CO2 .

All patient cell manipulations and transductions will be carried out by the University of

Minnesota Hospital Blood Bank (Dr. David Stoncek, Director) and Cell Processing Center (Dr.

Jeffrey McCullough, Director). The conditions of culture and lymphocyte stimulation may be

modified by the PI during the course of this protocol to take advantage of improvements in

technique or media.

4.4.2

Growth And Transduction Of IDS-Deficient T-lymphocytes

Following 3-1/2 days of growth in culture to initiate T-lymphocyte proliferation, cells will

be transduced by aspirating off the top half of the medium, and then adding L2SN vector-

containing supernatant (see 6.4 Virus production) in the presence of protamine sulfate (5 - 10

pg/ml) and IL-2 (200 U/ml). Lymphocytes will be harvested after 6 hours of exposure to virus,

and placed in fresh medium. This transduction procedure will be repeated on consecutive days

for a total of 4 days. After the final exposure to retroviral vector, the cells will be fed with fresh

media and cultured another 18 hours prior to administration to the patient.

Approximately 80% of the culture will then be infused into the patient. The remaining cells

will be returned to culture for continued growth and selection and/or analyzed for vector

integration. Selected cultures will be periodically analyzed for the above features and
cryopreserved for future patient infusion or additional studies.

An aliquot of PBL infused into the patient will be assayed by competitive PCR to

quantitate the frequency of L2SN insertion. Cells will also be tested for IDS enzyme activity and
for the presence of replication-competent retrovirus by amplification in Mus dunni cells and S+L-

assay.

4.4.3

Infusion Of IDS-transduced T-lymphocytes
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For administration of cells to the patient, treated PBL will be harvested, washed, and

resuspended in normal saline. The final cell preparation will be filtered through a platelet filter

and transferred into a syringe or transfusion pack for infusion.

The PBL preparation will be infused into a peripheral vein (or central venous catheter) over

approximately 2 hours. A test dose of 2 - 5% of the total volume will be infused followed by an

observation period of 5 - 10 minutes. The total volume of infused cells will not exceed 10 ml/kg of

body weight per day and the infusion should usually be completed within 120 minutes. The cell

suspension will be mixed gently approximately every 5 minutes during the infusion while the

patient is being monitored for acute and subacute side effects. Antipyretics, antihistamines,

narcotics, and/or anti-inflammatory agents will be administered to control symptoms associated

with the infusion. Substantial or persistent symptoms or signs of toxicity may require

discontinuation of the infusion. Once the optimal conditions for infusion have been identified, all

subsequent infusions will be based upon this experience. The patient will be monitored for at

least 2 hours after completion of each infusion prior to discharge.

The cells will be administered in a dose-escalation format as described below.

4.4.3. 1 First Infusion

The initial infusion of L2SN-transduced autologous T-lymphocytes will be approximately 5

x 107 cells representing 1% of the maximum feasible dose.

4.4.3.2 Second Infusion

The second infusion of transduced cells will be approximately 5 x 108 cells representing

10% of the maximum feasible dose.

4.4.3.

3

Subsequent Infusions

The third infusion, and all subsequent infusions, will be approximately 5 x 109 cells which
constitutes the presumed maximum feasible dose of cells that can be harvested for treatment and
re-infusion.

4.4 Virus Production

At this time, sufficient quantities of PA317-L2SN virus supernatant are readily produced in

our research laboratory (Moos Tower Room 4-140, University of Minnesota, Minneapolis).

However, clinical-grade retroviral-vector L2SN will be manufactured under conditions which
meet U.S. Food and Drug Administration (FDA) requirements. The procedures used to

manufacture clinical-grade L2SN will be approved by the FDA prior to use in this clinical trial.

4.5 Schema And Duration Of Study

4.5.1 Schema

The overall treatment and evaluation plan for patients entering the study is detailed in

Appendix A which also serves as a checklist for recording completion of specific procedures and
completion of tests. The schedule for apheresis, culture and transduction of lymphocytes, and
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infusion into the patient is detailed in Appendix B. Several additional aspects of the protocol are

described below.

Transduced lymphocytes will be administered as soon as possible after gene introduction

in culture.

Each patient will receive 12, monthly infusions of autologous peripheral blood

lymphocytes which have been transduced with the L2SN vector. The infusions will be given

within 4 days of gene introduction and before the cell population has had the opportunity to

proliferate to a significant extent. We anticipate that 5 x 107 cells (initial infusion) to 5 x 109 cells

(maximum feasible) will be given with each infusion.

For comparison, adults receiving cellular immunotherapy with TIL for the treatment of

malignant melanoma have been routinely given infusions of 2 - 4 x 1011 cultured T cells (up to 6 x

109 /kg) and IL-2 in a single day. These adults have experienced symptoms ranging from no

noticeable effects to various symptoms including chills, fever, lethargy, tachycardia, bradycardia,

hypotension, shortness of breath, nausea, and vomiting. In most of these cases the symptoms are

moderated by premedication and they are seldom severe.

Children with MPS diseases treated by bone marrow transplantation have been given up to

0. 5 x 109 marrow cells per kg body weight intravenously without major complications.

Even though the initial (first and second) PBL infusions administered to each patient are

small numbers of cells which are unlikely to cause adverse reactions, these infusions will be

carried out an Intensive Care Unit at the University of Minnesota Hospital to permit close

monitoring of the patient's response to the infusion. When sufficient experience has been gained

with this protocol and each patient, the PI will decide to perform cell infusions at the Clinical

Research Center of the University of Minnesota.

This protocol is classified as research involving greater than minimal risk but presenting

the prospect of direct benefit to the individual subject. Discomforts to the patient may include

venipuncture and/or other modes of vascular access. The patient may experience chills, fever,

tachycardia, nausea and vomiting, and/or shortness of breath during the cell infusion. Potential

risks include cardiac arrhythmias, vascular thrombosis, pulmonary embolus, inadvertent infusion

of contaminated cultures, or mislabeled cells.

Potential risks with the gene insertion portion of the proposal include the inadvertent

contamination of the retrovirus preparation with replication competent murine retrovirus

generated by a recombination event occurring in the vector virus packaging cell line. During
retroviral-mediated gene transfer, the cultured T-cells could also undergo an insertional event

causing the malignant transformation of the cell. The cultured T-cell population could

theoretically contain cell subpopulations with potential undesirable consequences for the patient

such as autoreactive cells. Cancer patients treated with IL-2 infusions alone or with IL-2 plus 2-4
x 10n cultured expanded autologous T cells have experienced transient symptoms which may
reflect immune phenomena such as joint aches (not arthritis) and skin rashes. Less than one-third

of patients have experienced any symptoms and each has been associated with IL-2 treatment

alone at a similar frequency so that the potential contribution by the T-cell infusions is unclear.

Adverse drug reactions (ADRs) to the IND Drug will be reported promptly to the

investigational Drug Branch (IDB), phone (301) 496-7957. ADR reports are required even if there

is only a suspicion of a drug effect. A written report will follow within 10 working days.

For each patient, the protocol will be concluded when the patient has received 12 infusions

of transduced cells. Measurable clinical end-points will include increased leukocyte IDS enzyme
levels, transduction frequency and urine glycosaminoglycan excretion and will be determined

monthly. Physiologic evaluations will be performed at 3-month intervals. The study will require
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approximately 12 visits for apheresis and cell infusion for each patient. The entire study treating 4

patients, each for 1 year, will extend over 18 - 24 months.

Sedation may be required for follow-up studies (e.g., MRI and CT scans).

This experimental treatment may provide benefit to the patient by producing a measurable

improvement in cardiac and pulmonary function or general clinical status. The study also aims to

evaluate the survival in the patient's blood of the infused IDS gene-modified T-lymphocytes and
to determine whether autologous T-lymphocytes have prolonged survival in vivo, and have a

selective growth advantage in vivo.4.5.2

Duration Of Treatment

Each patient will receive 12 treatments given at monthly intervals over the course of 1 year.

At the end of 1 year of treatment, a decision will be made regarding continuation or

discontinuation of treatment based upon criteria established for this study and the availability of

funds for continued treatment.

4.6 Therapeutic Modifications

4.6.1 During Apheresis

In the extremely unlikely event that a subject has a hypotensive episode during apheresis,

the transfer rate will be decreased or the procedure discontinued altogether based upon past

experience of the technical personnel. Intravenous fluids (e.g., normal saline or albumin, 10

ml /kg) will be administered if appropriate.

4.6.2 During PBL Infusion

If a subject has an adverse reaction during infusion (e.g., fever, rash or itching, tachycardia,

tachypnea, hypotension or hypertension), the infusion will be slowed or discontinued altogether.

Such episodes may also be treated with appropriate medications in standard doses (e.g., Tylenol

10 - 15 mg/kg/dose; Benadryl 1- 2 mg/kg slow IV infusion; hydrocortisone 4-8 mg/kg dose IV).

4.7 Study Parameters

Clinical, biochemical and molecular genetic data will be collected as indicated on the

attached schedule (Appendix A).

4.8 Off-Study Criteria

Patients will be taken "off study" (and treatment will be discontinued) for any one of the

following reasons:

4.8.1 Patient Request

The patient will be taken "off treatment" if he requests to be taken "off treatment" for any

specific or unspecified reason, or fails to appear for treatment.

4.8.2 Inability To Monitor
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A patient will be taken "off study" if it becomes impossible to monitor treatment for any
reason including his failure or inability to complete the necessary interval evaluations and tests.

4.8.3 Medical Contraindication

A patient will be taken "off study" at the time of any new medical problem, or progression

of an existing medical problem, which makes the necessary procedures (e.g., apheresis, cell

infusion) or tests a strict contraindication. The patient may be put back "on study" if the medical

problem is sufficiently resolved within a time that allows for satisfactory completion of the clinical

protocol.

4.8.4 Iatrogenic

A patient will be taken "off study" if there is the appearance of a hematopoietic tumor, or

any other medical problem, that might be related to the treatment with retroviral-mediated gene

transfer or that might be related to introduction of recombinant IDS enzyme.

4.9 Evaluation Of Results

At the specified intervals, and after completion of 1 year of treatment, the outcome of

treatment will be evaluated for each patient with respect to the following results:

4.9.1 Urine Glycosaminoglycan Excretion

A positive response to treatment will be considered a consistent decrease in urinary

glycosaminoglycan excretion (in comparison to elevated baseline levels obtained prior to initiation

of lymphocyte gene therapy treatment).

4.9.2 Organ Volumetries By CT

A positive response to treatment will be considered a consistent decrease in liver and
spleen size (assessed by clinical examination and also by CT-determined volumetric

measurements) in comparison to increased volumes measured prior to initiation of lymphocyte
gene therapy treatment.

4.9.3 Cardiac Function

A positive response to treatment will be considered an improvement in cardiac disease

assessed by standard parameters of physical examination, chest x-ray, echocardiogram (valve

leaflet thickness, regurgitation, etc.) and EKG.

4.9.4 Respiratory Function

A positive response to treatment will be considered a consistent improvement in

pulmonary function test results and/or improvement in the results of an overnight sleep apnea

study (in comparison to pretreatment baseline studies).
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4.9.5 Leukocyte And Plasma IDS Enzyme Activity

Measurement of IDS activity in plasma, lymphocytes, and neutrophils will be obtained

immediately prior to, and following, each infusion of L2SN-transduced lymphocytes.

4.9.6 Quantitation Of PBL-L2SN

The number of circulating transduced cells will be determined by quantitative PCR at

appropriate intervals following the infusion of L2SN-transduced lymphocytes.
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CONSENT FORM Informed Consent

Lymphocyte Gene Therapy for Mild Hunter Syndrome

You (or your child) is invited to be in a research study of the
treatment of mild Hunter syndrome (mucopolysaccharidosis type II).

You (or your child) were selected as a possible participant
because you (or your child) have this condition.

The study is being conducted by the University of Minnesota. We
request that you read this Consent Form and ask any questions you
may have before agreeing to be in the study.

Background Information:

The overall purpose of this study is to evaluate the possibility
of treating Hunter syndrome by a form of gene therapy. We hope to
do this by treating some of your blood cells with a "vector" known
as "L2SN" . This vector is actually a virus that has been
genetically modified to carry the normal gene to make the enzyme
you are lacking (i.e., iduronate-2-sulfatase also referred to as
"IDS"). The virus has also been modified so that it cannot
reproduce itself outside of the laboratory and therefore cannot
cause an infection.

The vector L2SN will be used to treat some of your blood cells
called "lymphocytes". The lymphocytes will be removed from your
body, grown in the laboratory, and exposed to the virus. The
treated lymphocytes will then be returned to your blood stream by
intravenous injection. It is hoped that the treated lymphocytes
will survive in your blood stream for several weeks or longer and
will be able to partially replenish the IDS enzyme you are
missing. It is hoped that some of the symptoms of Hunter syndrome
will be slowed, prevented, or reversed by this treatment.

The specific goals of this study are to:

(1) Determine the amounts of IDS enzyme that can be achieved in
your body after injecting your own lymphocytes which have been
treated with the virus L2SN.

(2) Determine how long these genetically modified lymphocytes can
survive in your blood stream.

(3) Determine if the genetically modified lymphocytes will reduce
the abnormal amounts of storage material in your urine.

(4) Determine if the genetically modified lymphocytes will decrease
the size of your enlarged liver and spleen, and if this
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treatment will improve your heart and breathing functions.

(5) Determine if there are any other effects of this new form of
treatment (i.e., watch for other improvements and for side-
effects of the treatment).

Procedures

:

If you agree to be in this study, we ask that you do the following
things

:

(1) Apheresis To remove some of your lymphocyte blood cells, we
ask that you have two needles inserted into veins in your arm.
Blood will be pumped through one of these needles through a
small tube into a machine. This machine will remove some of
your lymphocytes from the blood. The blood will then leave the
machine through another small tube and be pumped back into your
blood stream through the other needle. To remove enough
lymphocytes, you would be connected to the machine for about 3

hours. This process does not cause any pain except for the
brief sting that occurs when the needles are first put into
your arm. Lymphocytes will be removed once every month for 1

year, in other words, a total of 12 times.

(2) Reinfusion Each time some of your lymphocytes are removed,
they will be grown in the laboratory for 8 days and exposed to
the virus. These treated lymphocytes will then be returned to
your blood stream by injection through an "IV" into a vein in
your arm. This infusion will take about 2 hours. This process
does not cause any pain except for the brief sting that occurs
when the needle is first put into your arm. Lymphocytes will
be injected once every month for 1 year, in other words, 12
times

.

(3) Blood samples After injection of your genetically modified
lymphocytes, 5 blood samples will be taken. Each blood sample
will be 1 Tablespoon. These samples will be used to measure the
amount of IDS enzyme, and to count the genetically modified
lymphocytes in your body.

(4) Urine samples Every month, we will ask you to collect a 24-
hour urine sample to measure the amount of storage material

.

(5) Other tests Every 3 months, we will ask you to have a regular
physical examination, and to give a blood sample (of 2

Tablespoons) for a series of tests. We will also ask you to
have some other painless, routine medical tests to learn how
your body is responding to gene therapy treatment. These tests
are: (1) a "pulmonary function test" during which you blow into
a machine to evaluate your breathing strength and volume; (2)

a "CT scan" of your abdomen during which you lie very still for
approximately 2 0 minutes so that the machine can calculate the
size of your liver and spleen; (3) an "EKG" during which wires
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are taped to your chest to record the electrical activity of
your heart; (4) an "echocardiogram" during which a microphone
is moved across your chest to obtain a picture of your heart;
and (5) a "chest X-ray" picture to see the outline of your
heart

.

(6) MRI and bone X-rays At the end of the 1-year research period,
we will also ask you to have an "MRI scan" of your head. For
this test you would lie very still for approximately 1 hour in
a closely-fitting machine which will obtain very clear pictures
of your brain. We will also ask to obtain a series of X-ray
pictures of your entire body to see the structure of your
bones

.

(7) Avoid pregnancy Because gene therapy is new, we do not know if
there will be any adverse effects on pregnancy or the fetus.
We ask that you avoid pregnancy by using some form(s) of
contraception during the 1-year treatment period of this
research study.

(8) Life-time follow-up Because gene therapy is very new, the
long-term response and side-effects are not known. Therefore,
we hope to stay in contact with you for your entire life-time.
The research study described in this Consent Form will last for
1 year only. However, we may ask you to have additional tests
in the future. We also ask that you have an autopsy when you
die so that we may learn more about your response to treatment
and any possible side-effects.

Risks and Benefits of Being in the Study:

The study has several risks;

(1) Some people having lymphocytes removed by the apheresis machine
may have low blood pressure. A nurse or technician will watch
for any changes in blood pressure while you are connected to
the machine and will slow down the machine or stop the machine
if blood pressure is too low.

(2) Injection of your genetically modified lymphocytes may cause
side-effects such as fever, chills, itching and rash, changes
in blood pressure, or difficulty with breathing. To watch you
closely for these possible side-effects, the first injections
will be done on the Intensive Care Unit. If you have any of
these reactions, the infusion of lymphocytes will be slowed
down or stopped, and you may be given medications to treat
these symptoms (such as hydrocortisone, Benedryl, or Tylenol) .

If the first few injections go smoothly, the others will be
given in a clinic or on a hospital ward instead of the
Intensive Care Unit.

(3) To genetically modify your lymphocytes, your blood cells will
be treated in the laboratory with the L2SN virus which is
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specially designed to make the IDS enzyme. It is possible that
this virus could be contaminated by other viruses or microbes
during the manufacturing process. These unwanted viruses and
microbes could cause serious infections. Precautions are taken
to prevent such contamination and to test for contamination.
However, even the best precautions and tests are not perfect
and you will be monitored for signs of infection.

(4) The amount of radiation you will receive from the X-ray tests
done during this 1-year study are estimated to have the same
effect as one would get from naturally occurring radiation
sources (i.e., the sun, the earth, brick walls, etc.) in a
period of about two-and-a-half years. You may not be eligible
for this research study if you have participated in any other
study within the past 12 months. It is your responsibility to
inform Dr. Whitley of such involvement prior to entering into
this study.

(5) An unlikely, theoretical risk of gene therapy is the risk of
cancer. The groups who regulate clinical trials of gene
therapy (such as this clinical trial) have felt that the risk
of developing such cancers is low. No such new cancers have
occurred in the more than 28 patients who have been treated in
similar clinical trials of lymphocyte gene transfer.

(6) Our current knowledge of this form of gene therapy indicates
that treatment of your lymphocytes with the virus does not
correct the reproductive cells (i.e., sperm or eggs).
Therefore, lymphocyte gene therapy does not change the fact
that males who have Hunter syndrome can transmit the mutant
gene for this condition to their daughters who will become
“carriers" of the gene for Hunter syndrome.

The benefits of participation are:

(1) If these treatments are successful, symptoms of Hunter syndrome
may be reduced which could help sustain normal heart and
breathing functions, reduce the size of your liver and spleen,
and increase your life-span. There might also be other
improvements such as increased joint mobility. While this
research is designed to measure the effects of treatment, it is
not known if improvements will actually occur. Also, it is not
known how many treatments will be required to achieve such
improvements. Of note, it is likely that any improvements
resulting from this treatment will stop as soon as the
treatment is discontinued.

Compensation:

You will receive no payment for participation in the study.

In the event that this research activity results in an injury,
treatment will be available, including first aid, emergency
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treatment and follow-up care as needed. Payment for any such
treatment must be provided by you or your third party payor, if

any (such as health insurance, Medicare, etc.)

We cannot offer treatment beyond the 1-year trial period which is
paid for by limited research funding. Such experimental gene
therapy is not covered by medical insurance policies or by state-
or federally-funded healthcare programs. In summary, we cannot
provide this experimental treatment beyond this 1-year research
trial

.

Alternatives

:

If you do not choose to participate in this study, your regular
physician can provide other conventional therapy for the symptoms
of Hunter syndrome. Such therapies might include: constant
positive airway pressure (CPAP) , tonsillectomy, tracheostomy,
medicines to improve heart function, or surgery to replace
defective heart valves.

Conf ident ial ity

:

The records of this study will be kept private. In any sort of
report we might publish, we will not include any information that
will make it possible to identify subjects. Research records will
be kept in a locked file and in your chart at the University of
Minnesota Hospital and Clinic; only the researchers and certain
regulatory agencies (such as the U.S. Food and Drug
Administration) will have access to the records.

Because there is great public interest in gene therapy, the news
media will want to know about this research study and the
participants. We suggest that you consider the long-term
implications of such publicity on you and your family. Although
we may release general information about this study to the press,
you will not be identified by name or photograph. However, if you
choose to discuss your participation in this study with the press,
we ask you to discuss this with us and to sign a "release form"
authorizing us to discuss the details of your condition and
response to this experimental treatment.

Voluntary Nature of the Study:

Your decision whether or not to participate will not affect your
current or future relations with the University. If you decide to
participate, you are free to withdraw at any time without
affecting those relationships.
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Contacts and Questions:

The researcher conducting this study is Dr. Chester B. Whitley.
You may ask any questions you have now. If you have questions
later, you may contact him at (612) 625-7422.

You will be given a copy of this form to keep for your records.

Statement of Consent

:

I have read the above information. I have asked questions and
have received answers. I consent to participation of

name of participant
in this study.

Signature Date

Signature of Witness Signature of Investigator

Signature of Parent /Guardian
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ASSENT FORM

Lymphocyte Gene Therapy for Mild Hunter Syndrome

We are testing a new treatment for Hunter syndrome. We are asking you and your parents if you

want to receive this new treatment because you have Hunter syndrome. We ask that you read

this form and ask any questions you may have about it.

People who have Hunter syndrome are missing a certain factor called an "enzyme." Because
they are missing the enzyme, their bodies can not breakdown certain chemicals called "MPS."
As these MPS chemicals build up in the body, they cause the bones to grow abnormally and

cause the joints (like the elbows and knees) to become stiff. The MPS chemicals also affect the

heart's ability to pump blood and they cause breathing difficulties. People with Hunter syndrome
have more and more problems as they get older as more of the MPS builds up.

In the past there has been no way to give people with Hunter syndrome the enzyme they are

missing. However, we think that a new treatment called "gene therapy" may be able to give you
the missing enzyme. If these gene therapy treatments work, the enzyme will be able to break

down the MPS that is being stored in your body and may prevent some of the problems from
getting worse.

To have a gene therapy treatment, you would have to have an iv needle put into each of your

arms. The needles might sting or pinch when they are first put in, but they are usually not

uncomfortable after they are taped down to your arm. You would then lie down on a bed for

about 3 hours while a machine removes some of the white cells from your blood. When this is

done, your cells will be taken to a laboratory and infected with a specially designed virus. About
a week later, your cells will be making the enzyme and will be given back to you through another

iv needle.

To learn if these gene therapy treatments work, we would plan to give you 12 treatments. In

other words, you would have one treatment every month during the next year.

To see if the treatments are working, you would have to give some blood and urine samples each
month. You would also have some other painless medical tests, like x-rays, done every 3

months.

This kind of gene therapy treatment has never been used for Hunter syndrome, but has been tried

in a few children who have other illnesses. So far, there have been no unexpected problems
caused by this treatment. However, this is a very new kind of treatment and we do not know if

there will be unexpected problems that show up later.

You or your parents can call us any time if you have questions.

Statement of Child:

I have read this information. I have asked questions and have received answers. Doing this is

"OK" with me.

Signature Date

Signature of parent/guardian Date

Signature of investigator Date
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I. Scientific Abstract
Scientific Abstract

The age-adjusted prevalence of peripheral arterial disease (PAD) in the U.S. population has

been estimated to approach 12% 1. The clinical consequences of occlusive peripheral arterial disease

(PAD) include pain on walking (claudication), pain at rest, and loss of tissue integrity in the distal limbs;

the latter may ultimately lead to amputation of a portion of the lower extremity. Surgical bypass techniques

and percutaneous catheter-based interventions may be used to successfully revascularize the limbs of

certain patients with PAD. In many patients, however, the anatomic extent and distribution of arterial

occlusion is too severe to permit relief of pain and/or healing of ischemic ulcers. No effective medical

therapy is available for the treatment of such patients.

The purpose of this clinical protocol is to investigate the efficacy and safety

of therapeutic angiogenesis achieved in this case by percutaneous catheter-based

delivery of the gene encoding vascular endothelial growth factor (VEGF) in patients

with PAD. The rationale for this human protocol is based upon preclinical studies performed in a rabbit

model of hindlimb ischemia. These studies are described in detail below and in the manuscripts enclosed

in the Appendix to this proposal. In brief, a single intra-arterial bolus of VEGF recombinant human

protein, delivered percutaneously to the ischemic limb via an intravascular catheter, resulted in

angiographic, hemodynamic, physiologic, and histologic evidence of augmented collateral artery

development Subsequently, similar results were achieved using an angioplasty catheter with a hydrogel-

coated balloon to deliver 400 jig of a plasmid containing the cDNA for VEGF to the internal iliac artery in

the same animal model.
1

Accordingly, we propose to employ arterial gene (VEGF) therapy to treat rest pain and/or

ischemic leg ulcers in 12 patients considered not to be candidates for conventional revascularization

techniques.
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II. Non-technical Abstract
Non-Technical Abstract

The purpose of this clinical investigation is to determine if gene therapy can be used to cause

!

the development of new blood vessels in legs with blocked arteries, and to further determine if the

additional blood flow which is provided by such new blood vessels will be sufficient to eliminate leg pain

present at rest ("rest pain") and/or heal ulcers in the feet and legs.

While angioplasty techniques and/or surgery may often increase blood flow in patients with

blocked arteries sufficient to relieve rest pain and/or heal ulcers, the blockages may in some cases be too

extensive to permit either of these therapies. No medications are currently available that are likely to

accomplish relief from rest pain or heal ulcers. Accordingly, we are investigating a new strategy, gene

therapy, which has not been used previously for the treatment of lower extremity arterial insufficiency.

This therapy has been tested thus far in laboratory animals; the experiments suggest that if one performs

surgery on the animal (rabbit) to create blockages in the leg arteries, one can use gene therapy to grow new

blood vessels around the blockages; this treatment is termed "therapeutic angiogenesis."

The treatment will involve using a catheter - similar to catheters which are used to perform

balloon angioplasty - to deliver DNA, or genetic material, to one of the arteries which is still open in the

diseased leg. The DNA is delivered to the wall of the artery from the balloon of the catheter when the

balloon is inflated. Once in the arterial wall, the DNA then directs the cells of the artery wall to make a

certain protein, in this case a protein called vascular endothelial growth factor (VEGF). VEGF is a protein

which has been shown to cause new blood vessels to grow under a variety of conditions, including the

above-described rabbit experiments in which both the protein and the gene for the protein caused new

blood vessels to develop in the leg with arterial blockages.

We are thus investigating the possibilty that by using a catheter to transfer the gene for VEGF

to the arterial circulation of a leg with blocked arteries ,
new blood vessels will develop that will reduce

pain in the leg and/or heal an ulcer.
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PROTOCOL
Protocol

I. BACKGROUND
I. A. Peripheral artery disease: primary pharmacologic therapy is ineffective for

patients with critical limb ischemia.

The clinical consequences of occlusive peripheral arterial disease (PAD) include pain on walking
(claudication), pain at rest, and loss of tissue integrity in the distal limbs. When the extent and distribution

of arterial occlusions results in signs and or symptoms of muscle ischemia, patients may be treated by one
of three approaches. The first, and most conservative, is risk-factor modification with or without a

program of exercise therapy; this approach is appropriate for patients with mild or moderate claudication.

The second is non-surgical revascularization (percutaneous transluminal angioplasty [PTA]) which may be

appropriate for claudication, rest pain, and/or non-healing ischemic ulcers. The third is surgical

reconstruction, typically involving the use of native vein or prosthetic material to bypass the occlusive

lesion(s); this option is typically reserved for patients with severe (<100 yards) claudication, rest pain,

and/or non-healing ischemic ulcers.

It is noteworthy that a variety of medical therapies have been investigated for patients with

PAD; while controversy exists regarding die efficacy of medical therapy for patients with mild to moderate
claudication, there is no evidence to suggest that any medical therapy is efficacious for patients with rest

pain and/or ischemic ulcers due to PAD 2. With specific regard to medical therapies designed to facilitate

the development of collateral arteries, Marcus's assessment H, published in 1983 remains accurate today:

"The effects of many drugs. ..[and]. ..hormones on the functional capacity of native collaterals have been
examined and in the main, no positive results have been found. In 1979 Schaper wrote: 'I know of no
pharmacologic agent that has been conclusively shown to increase conductance of pre-existent

collaterals...' " This very serious limitation in therapeutic armamentarium is compounded by the fact that

many patients with rest pain and/or ischemic ulcers are poor candidates for either PTA or surgical

reconstruction. Rest pain and/or ischemic ulcers, for example, are most frequently observed in association

with occlusive lesions of the popliteal and/or infrapopliteal arteries; for such lesions which exceed 2 cm in

length, PTA is typically unsuccessful 12. Distal bypass surgery for such patients may be employed
successfully provided that the arterial circulation of the distal calf and/or foot includes a reconstituted artery

that is favorable for distal bypass; often times, the arterial circulation of the lower calf and/or foot may be

unsatisfactory to serve as the distal anastomotic donor site for surgical bypass. When the arterial

circulation of the distal extremity is unfavorable for either percutaneous or surgical revascularization, and

conservative measures fail, amputation of a portion of the lower limb may be required.

The prognosis for patients with chronic critical leg ischemia, i.e. rest pain and/or established

lesions which jeopardize the integrity of the lower limbs, is often poor. Psychological testing of such

patients has typically disclosed quality-of-life indices similar to those of patients with cancer in critical or

even terminal phases of their illness^. It has been estimated that 150,000 in toto 14 require lower limb

amputations for ischemic disease in the United States per year. Their prognosis after amputation is even

worse 2; the perioperative mortality for below-knee amputation in most series is 5-10% and for above-

knee amputation 15-20%. Even when they survive, nearly 40% will have died within two years of their

first major amputation; a major amputation is required in 30% of cases; and full mobility is achieved in

only 50% of below-knee and 25% of above-knee amputees .

These grim statistics are compounded by the lack of efficacious drug therapy. As concluded in

the Consensus Document of the European Working Group on Critical Leg Ischemia 2, "...there presently

is inadequate evidence from published studies to support the routine use of primary pharmacological

treatment in patients with critical leg ischemia..." Evidence for the utility of medical therapy in the

treatment of claudication is no better 15,16 Consequently, the need for alternative treatment strategies in

such patients is compelling.

I. B. Therapeutic Angiogenesis is a Novel Srategy for the Teatment of Critical Limb
Ischemia

The therapeutic implications of angiogenic growth factors were identified by the pioneering

work of Folkman and colleagues over two decades ago 12. Beginning a little over a decade ago 1^, a

series of polypeptide growth factors were purified, sequenced, and demonstrated to be responsible for

natural as well as pathologic angiogenesis.
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More recent investigations have established the feasibility of using recombinant formulations of
such angiogenic growth factors to expedite and/or augment collateral artery development in animal models
of myocardial and hindlimb ischemia. This novel strategy for the treatment of vascular insufficiency has

been termed "therapeutic angiogenesis" 19. The angiogenic growth factors first employed for this purpose
comprised members of the FGF family. Baffour et al administered bFGF in daily intramuscular (IM)
doses of 1 or 3 pig to rabbits with acute hindlimb ischemia; at the completion of 14 days of treatment,

angiography and necropsy measurement of capillary density showed evidence of augmented collateral

vessels in the lower limb, compared to controls 20. pu e t al used acidic fibroblast growth factor (aFGF) to

treat rabbits in which the acute effects of surgically-induced hindlimb ischemia were allowed to subside for

10 days before beginning a 10-day course of daily 4-mg IM injections; at the completion of 30 days
follow-up, both angiographic and hemodynamic evidence of collateral development was superior to

ischemic controls treated with IM saline 21. Yanagisawa-Miwa et al likewise demonstrated the feasibility

of bFGF for salvage of infarcted myocardium, but in this case growth factor was administered intra-

arterially at the time of coronary occlusion, followed 6 hrs later by a second intra-arterial bolus 22.

We have used the same animal model developed by Pu et al 21 to investigate the therapeutic

potential of a 45 kDa dimeric glycoprotein, vascular endothelial growth factor (VEGF), isolated initially as

a heparin-binding factor secreted from bovine pituitary folliculo-stellate cells 23. VEGF was also purified

independently as a tumor-secreted factor that induced vascular permeability by the Miles assay 24,25
^ and

thus its alternate designation, vascular permeability factor (VPF). Two features distinguish VEGF from
other heparin-binding, angiogenic growth factors. First, the NH2 terminus of VEGF is preceded by a

typical signal sequence; therefore, unlike bFGF, VEGF can be secreted by intact cells 26. Second, its

high-affinity binding sites, shown to include the tyrosine kinase receptors Flt-1 27 and Flk-1 /KDR 28,29

are present on endothelial cells, but not other cell types; consequently, the mitogenic effects of VEGF - in

contrast to acidic and basic FGF, both of which are known to be mitogenic for smooth muscle cells 20,3

1

and fibroblasts as well as endothelial cells - are limited to endothelial cells 23,32 (interaction of VEGF
with lower affinity binding sites has been shown to induce mononuclear phagocyte chemotaxis) 33,34.

Evidence that VEGF stimulates angiogenesis in vivo had been developed in experiments

performed on rat and rabbit cornea 35,36
? the chorioallantoic membrane 23

? and the rabbit bone graft

model 36 We investigated the hypothesis that the angiogenic potential of VEGF was sufficient to

constitute a therapeutic effect 2 (see Appendix for manuscript). The soluble 165-amino acid isoform of

VEGF (VEGF165) was administered as a single intra-arterial bolus to the internal iliac artery of rabbits in

which the ipsilateral femoral artery was excised to induce severe, unilateral hindlimb ischemia. Doses of

500-1,000 [ig of VEGF produced statistically significant augmentation of angiographically visible

collateral vessels, and histologically identifiable capillaries; consequent amelioration of the hemodynamic
deficit in the ischemic limb was significantly greater in animals receiving VEGF than in non-treated

controls (calf blood pressure ratio=0.75±0.14 vs 0.48±0.19, p<0.05). Serial (baseline, as well as 10 and

30 days post-VEGF) angiograms disclosed progressive linear extension of the collateral artery of origin

(stem artery) to the distal point of parent-vessel (reentry artery) reconstitution in 7 of 9 VEGF-treated
animals. Similar results were achieved in a separate series of experiments in which VEGF was

administered by an IM route daily for 10 days 37. These findings thus established proof of principle for

the concept that the angiogenic activity of VEGF is sufficiently potent to achieve therapeutic benefit.

While each of these studies documented an increase in the number of angiographically visible

collaterals, and increased capillary density in the muscles studied at necropsy, evidence regarding the

physiological consequences of such anatomical improvement was limited to blood pressure measurements
recorded in the ischemic versus the normal limb. Accordingly, we performed a series of studies in the

ischemic hindlimb model in which an intra-arterial Doppler wire 38
? sufficiently diminutive (0.018 in.) to

measure phasic blood flow velocity in the rabbit's internal iliac artery, was used to investigate resting and

maximum flow following therapeutic angiogenesis with a single, intra-arterial bolus of VEGF165. By 30

days post-VEGFi65, flow at rest, as well as maximum flow velocity and maximum blood flow provoked

by 2 mg papaverine were all significantly higher in the VEGF-treated group (see attached manuscript) 39.

More recently, we considered that one of the distinguishing features of VEGF mentioned above
- the fact that the VEGF gene encodes a secretory signal sequence - might be exploited as part of a strategy

designed to accomplish therapeutic angiogenesis by arterial gene transfer. We had previously observed that

site-specific transfection of rabbit ear arteries with the plasmid pXGH5 encoding the gene for human
growth hormone - a secreted protein - yields local levels of human growth hormone equivalent to what has
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been considered to be in a physiologic range - despite the fact that immunohistochemical examination of

the transfected tissue disclosed evidence of successful transfection in <1% of cells in the transfected

arterial segment 6. Thus, gene products which are secreted may have profound biological effects, even
when the number of transduced cells remains low. In contrast, for genes such as bFGF which do not

encode a secretory signal sequence, transfection of a much larger cell population might be required for that

intracellular gene product to express its biological effects.

We therefore applied 400 |ig of phVEGF^s, encoding the 165-amino acid isoform of VEGF,
to the hydrogel polymer outside coating of an angioplasty balloon 3 and delivered the balloon catheter

percutaneously to the iliac artery of rabbits in which the femoral artery had been excised to cause hindlimb

ischemia. Site-specific transfection of phVEGFi 65 was confirmed by analysis of the transfected internal

iliac arteries using reverse transcriptase-polymerase chain reaction (RT-PCR) (see mansucript in

Appendix) and then sequencing the RT-PCR product. Augmented development of collateral vessels was
documented by serial angiograms in vivo, and increased capillary density at necropsy. Consequent
amelioration of the hemodynamic deficit in the ischemic limb was documented by improvement in the calf

blood pressure ratio (ischemic/normal limb) to 0.70±0.08 in the VEGF-transfected group vs 0.50±0.18 in

controls (p<0.05). These findings thus established the principle that site-specific arterial gene transfer can

be used to achieve physiologically meaningful therapeutic modulation of vascular disorders, including

therapeutic angiogenesis.

Despite the encouraging results achieved with administration of the recombinant protein, we
believe that transferring the gene encoding that protein (i.e. gene therapy) is preferable for two reasons.

First, and perhaps most critical in the case of arterial gene therapy, is the potential requirement to maintain

an optimally high and local concentration over time. In the case of therapeutic angiogenesis, for example,

we believe that it is preferable to deliver a lower dose over a period of several days or more from an

actively expressing transgene in the iliac artery, rather than a single or multiple bolus doses of recombinant

protein. It is conceivable - though as yet unproven - that such continuous, local production of VEGF
resulting from the transgene may be preferable, both from the standpoints of safety and efficacy, to a

single, larger dose of the recombinant protein administered by any (intra-arterial, intra-venous, intra-

muscular) route.

Second, there is the matter of economics: namely, recombinant protein therapy would
ultimately cost more to develop, implement, and reimburse, particularly for those indications requiring

multiple or protracted treatments. Part of this cost is inherent in the production steps and corresponding

analytical testing required to ensure that post-translational modifications - such as glycosylation and

refolding - are consistently reproduced. The feasibility of a clinical trial of recombinant VEGF protein is

currently limited by the lack of approved or available quantities of human-quality grade recombinant

protein. Due principally to the extraordinary cost of scaling up from research grade to human quality

recombinant protein and the associated uncertainty regarding reimbursement for recombinant protein

therapies in the future, no for-profit company is to our knowledge currently planning a clinical trial of

recombinant protein therapy with VEGF.
These preliminary results have thus established the feasibility of arterial gene transfer as a

novel approach for patients with rest pain and/or non-healing ischemic ulcers. The lack of available

medical therapy implies that patients who are not satisfactory candidates for conventional revascularization

will face amputation of a portion of their limb as their sole therapeutic option. The potential for achieving

limb salvage in a selected group of patients with no alternative therapeutic option suggests to us that these

patients represent good candidates for arterial gene therapy.

I. C. Direct Gene Transfer with the Hydrogel Polymer Balloon Catheter Applied

to an Angioplasty Catheter Balloon can be Used to Effect Direct Gene Transfer to the

Arterial Wall.
Direct arterial gene transfer has been previously achieved using double-balloon catheters and

perforated balloons, in most cases facilitated by the use of cationic liposomes or viral vectors. These gene

delivery systems, however, have been compromised by issues relating to efficacy and/or safety. We
investigated the possibility that arterial gene transfer might be performed during balloon angioplasty by

delivery of "naked" genetic material from the hydrogel polymer coating of a standard angioplasty balloon.

The hydrogel polymer was originally designed to facilitate advancement of the balloon through tight

vascular obstructions. We considered that it might be possible to use the hydrogel polymer as a "sponge"

onto which highly concentrated, pure DNA could be applied ex vivo, and subsequently, at the time of

balloon inflation, be delivered into the vessel wall, without the use of conventional vectors. Accordingly,

DNA solution was applied to the surface of an angioplasty catheter balloon coated with a hydrogel polymer
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(Slider with Hydroplus®, Mansfield Boston Scientific Corp., Watertown, MA). The catheter was
constructed with a single polyethylene balloon, 2.0 mm in diameter and 2.0 cm in length. The
Hydroplus® coating consists of a hydrophilic polyacrylic acid polymer, crosslinked via an isocyanate onto

the balloon to form an ultra-high molecular weight hydrogel with tight adherence to the balloon surface.

The thickness of the hydrogel coating when dry measures between 3-5 |im; upon exposure to an aqueous
environment, the coating swells to 2 - 3 times its initially dry thickness. In order to apply DNA to the

catheter, the balloon was inflated to 4 atm, following which 20 (ll of DNA solution were pipetted and
distributed onto the balloon surface using a sterile pipette tip. After the balloon's hydrogel polymer was
covered with a homogeneous film of DNA solution, the hydrogel was dried with warm air. The above
procedure was then repeated, resulting in a total of 40 [ll ofDNA solution applied to the balloon.

For percutaneous application, luciferase DNA concentration was 3.27 |ig/|il. DNA was

dissolved in TE buffer (10 mM Tris, 1 mM EDTA).
(Attempts were made to apply DNA solution to standard uncoated balloons as well. The

hydrophobic surface of the polyethylene balloon, however, made it impossible to cover the balloon with a

film ofDNA solution.)

To determine the total amount of DNA which was successfully absorbed onto the balloon

surface, 5 hydrogel balloons were coated with 40 |il DNA (2 fig DNA/|il) containing a small amount of

35s-labeled luciferase plasmid. A random primed DNA labeling kit (United States Biochemical,

Cleveland, OH) was used for the labeling reaction and unincorporated nucleotides were removed by
ethanol precipitation. After the coating procedure, the catheter tip was placed in 0.5 ml water for 15 min at

room temperature, and 1.0 ml gel solubilizer (Solvable, New England Nuclear, Boston, MA) for 3 hours

at 50°C to dissolve the gel before the scintillation fluid was added. The amount of DNA on the balloon was
calculated from the quotient: [counts per minute (cpm) in a scintillation vial containing the balloon]/[cpm in

a vial containing 40 |il of the same lot of labeled DNA (80 fig)]. Scintillation counts were corrected for

quench and chemiluminescence.

Percutaneous gene transfer experiments with the luciferase gene were performed in 13 rabbits

using a catheter with a balloon to which a 20 ftm hydrogel coating had been applied and which was
advanced through a 5 F teflon sheath. The balloon was advanced beyond the distal tip of the sheath, coated

with 130 fig luciferase DNA, and pulled back into the sheath to protect the balloon from subsequent
contact with blood. The sheath and the angioplasty catheter were then introduced via the right carotid artery

and advanced to the left common iliac artery under fluoroscopic control. The balloon catheter was
advanced 3 cm further (beyond the distal sheath tip) into the external iliac artery and inflated there for 1 or

5 min. Following balloon deflation, the catheter system was removed. In 10 animals, the transfected

external iliac artery as well as the contralateral control artery were removed 3 days later, weighed, and

assayed for luciferase activity. In 3 additional animals, which had been transfected for 5 min only, the

arteries were excised 14 days after gene transfer. In these 3 animals we also removed the left femoral

artery to check for luciferase expression directly downstream of the transfected segment
After coating hydrogel balloons with 40 (ll of DNA solution (containing 80 (Ig of radiolabeled

DNA), and drying the gel, the magnitude of DNA retained on the hydrogel balloon was determined by
comparing the amount of radioactivity on the balloons to the amount of radioactivity in 40 |il of the original

radiolabeled DNA solution. Scintillation counting revealed that 97 ± 2% (n=5) of the radioactively labeled

DNA remained on the hydrogel coated balloon, corresponding to 78 ± 1.5 jig of luciferase DNA.

In a small series of 3 animals, the gene for nuclear specific (3-galactosidase (nls [3-gal) was

used in lieu of the luciferase gene as a marker gene. The (3-gal assay allows the histological identification

of positively transfected cells. The typical nuclear staining pattern, which is specific for transfected cells,

was detected in cells found predominantly in the subintimal and occasionally in the intimal layers. The total

number of intimal and medial cells transfected, however, was nevertheless low (< 0.1%).

Luciferase expression was detected in all 10 (100%) percutaneously transfected arteries excised

after 3 days, whether inflated for 5 min (386 ± 299 TLU, n=5) or 1 min (1 13 ± 59 TLU, n=5).

Three additional animals, in which balloons were inflated for 5 min only, were sacrificed after

14 days. Individual luciferase expression was 152, 6, and 16 TLU, respectively (mean = 58 ± 47 TLU).

In this series we also measured luciferase in the adjacent femoral artery, which was not inflated. Luciferase

expression in all these arteries was undistinguishable from background activity (mean 0.04 ± 0.29 TLU).

The findings reported here demonstrate that endoluminal vascular gene transfer can be achieved

successfully and consistently with pure DNA applied to a standard angioplasty catheter balloon coated with

hydrogel polymer. The hydrogel provides the absorbable medium to which one may apply a solution of

pure DNA. Drying of the gel results in a layer of concentrated DNA which is then transferred to the arterial
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wall as the balloon contacts the arterial wall coincident with balloon inflation. Experiments with
radiolabeled DNA established that 97% ofDNA applied in aqueous solution to the hydrogel-coated balloon
was still present on the balloon after drying of the gel. Autoradiograms of the arterial wall demonstrated
that inflation of the hydrogel balloon results in DNA uptake which is distributed across the full thickness

of the arterial wall. DNA was shown to penetrate the intact internal elastic lamina and was distributed

intracellularly as well as extracellularly. The same approach has more recently been used to directly

delivery anti-thrombotic drugs to the arterial wall 40,41

Gene transfer in this study was achieved without the use of transfection vehicles such as

liposomes or viral vectors. The feasibility of arterial gene transfer with DNA alone has been previously

demonstrated by Chapman et al. 42 They observed no differences in luciferase expression when
surgically exposed canine femoral arteries were transfected with a 1:1 DNA-liposome mixture versus DNA
alone. Transfection of skeletal muscle and myocardium have been routinely accomplished by direct

injection of DNA without facilitating transfection vehicles 43-48. The use 0f DNA alone clearly simplifies

the transfection protocol.

It is noteworthy that despite elimination of accessory transfection vehicles, both the frequency

of successful transfection and the magnitude of reporter gene expression achieved were superior to that

previously reported from our laboratory 49 and comparable to the results achieved by others 42,50using
alternative delivery schemes. The success rate of transfection in our rabbit model as measured by
expression of the luciferase transgene was 100% (37 of 37 artery segments), even in those cases in which
the inflation time was reduced to one minute. The duration of inflation within a range from 1 to 30 minutes
did not have a significant impact on transfection efficiency, a feature which would be expected to facilitate

human arterial, particulary coronary, gene transfer.

While the levels and extent of reporter gene expression achieved in this case with the hydrogel-coated

balloon are not equivalent to those recendy reported with viral vectors 51-54^ results here indicate that

the hydrogel catheter may represent an attractive alternative to other delivery devices used to transfer naked
DNA or DNA-liposome mixtures.

I. D. Arterial Gene Transfer of cDNA Encoding for Secreted Protein may result in

Meaningful Biological Outcomes Despite Low Transfection Efficiency.

In experiments which have relied exclusively on the use of nonsecreted gene products, examination by
histochemical staining, in situ hybridization, and/or polymerase chain reaction has suggested that the

transfection efficiency of direct gene transfer to vascular smooth muscle cells within the arterial wall was
considerably less than 1% and might therefore preclude a meaningful biological response. In contrast,

genes encoding for a secreted protein may overcome the handicap of inefficient transfection by a paracrine

effect, secreting adequate protein to achieve local levels that may be physiologically meaningful. Nabel et

al 55 demonstrated that despite similarly low efficiencies, cell surface protein expression resulting from
percutaneous transfection of vascular smooth muscle cells with the histocompatibility gene HLA-B7 may
be adequate to induce a biological response, namely, focal vasculitis. Necropsy evidence of a

pathobiological response following arterial gene transfer was reported by the same group in the case of

transgenes encoding for the secreted proteins PDGF-B 9 and FGF-1 56; in the former study, only 0.1 to

1% of cells in the artery segment were estimated to contain plasmid DNA by PCR approximation.

To more specifically determine the relation between a secreted gene product and transfection efficiency

after in vivo arterial gene transfer, we devised in vitro 5 and in vivo 6 models to serially monitor

expression of a gene encoding for a secreted protein. In vivo analyses were performed using the central

artery of the rabbit ear. Liposome-mediated transfection of plasmid DNA containing the gene for human
growth hormone (hGH) was successfully performed in 18 of 23 arteries. Serum hGH levels measured 5

days after transfection ranged from 0.1 to 3.8 ng/mL (mean, 0.97 ng/mL); in contrast, serum drawn from

the control arteries demonstrated no evidence of hGH production. Serial measurement of hGH from

transfected arteries demonstrated maximum hGH secretion 5 days after transfection and no detectable

hormone after 20 days. Despite these levels of secreted gene product documented in vivo,

immunohistochemical staining of sections taken from the rabbit ear artery at necropsy disclosed evidence

of successful transfection in <0.1% of cells in the transfected segment. Thus, low-efficiency transfection

with a gene encoding for a secreted protein may achieve therapeutic effects not realized by transfection

with genes encoding for proteins which remain intracellular.

I. E. Pre-clinical Animal Studies have Established that Percutaneous Arterial Gene
Transfer may be Utilized to Successfully Accomplish Therapeutic Angiogenesis.
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Complementary DNA clones for recombinant human VEGF165 , isolated from cDNA libraries

prepared from HL60 leukemia cells, were assembled into a mammalian expression vector containing the

cytomegalovirus promoter 26. The biological activity of VEGF165 secreted from cells transfected with this

construct (phVEGFi 65) was previously confirmed by the evidence that media conditioned by transfected

human 293 cells promoted the proliferation of capillary cells 26.

To evaluate expression of phVEGFi 65 in vascular smooth muscle cells (SMCs), the target cells

for our gene transfer strategy, rabbit arterial SMCs were transfected in vitro 4. Cells were cultured by
explant outgrowth from the thoracic aorta of New Zealand White rabbits. The identity of vascular SMCs
was confirmed morphologically using phase contrast microscopy and by positive immunostaining using a

monoclonal antibody to smooth muscle a-actin. Cells were grown in media supplemented with 10 %
FBS. In vitro transfection was performed by incubating SMCs (1.48xl06 cells/10 cm plate) with 11.5 p.g

of the plasmid DNA and 70 (ig of liposomes (Transfection-reagent, Boehringer Mannheim, Indianapolis,

IN) as previously described (28). After completion of transfection, media was changed to 10% FBS.
Culture supernatant was sampled at 3 days post-transfection, and was analyzed by ELISA assay for VEGF
protein (29). The media of VEGF-transfected SMCs contained an average of 1.5 pg of VEGF protein

(n=3). In contrast, culture media of 6-galactosidase-transfected SMCs (n=3) or non-transfected SMCs
(n=3) did not contain detectable levels of VEGF protein.

The angiogenic response to transfection of the gene for VEGF was investigated in vivo using

the rabbit ischemic hindlimb model 7,21 All protocols were approved by St. Elizabeth's Institutional

Animal Care and Use Committee. Male New Zealand White rabbits weighing 4-4.5 kg (Pine Acre
Rabbitry, Norton, MA) were anesthetized with a mixture of ketamine (50 mg/kg) and acepromazine (0.8

mg/kg) following premedication with xylazine (2.5 mg/kg). A longitudinal incision was then performed,

extending inferiorly from the inguinal ligament to a point just proximal to the patella. Through this

incision, the femoral artery was dissected free along its entire length; all branches of the femoral artery,

including the inferior epigastric, deep femoral, lateral circumflex and superficial epigastric arteries, were
also dissected free. After further dissecting the popliteal and saphenous arteries distally, the external iliac

artery as well as all of the above arteries were ligated. Finally, the femoral artery was completely excised

from its proximal origin as a branch of the external iliac artery, to the point distally where it bifurcates into

the saphenous and popliteal arteries. Once the femoral artery is excised, thrombotic occlusion of the

external iliac artery extends retrograde to its origin from the common iliac. As a result, the blood supply to

the distal limb is dependent on the collateral arteries which may originate from the internal iliac artery.

Accordingly, in the current study, direct arterial gene transfer of VEGF was performed into the internal

iliac artery of the ischemic limb.

An interval of 10 days between the time of surgery and gene transfer was allowed for post-

operative recovery of rabbits and development of endogenous collateral vessels. Beyond this time-point,

studies performed up to 90 days post-operatively 8 have demonstrated no significant collateral vessel

augmentation. At 10 days post-operatively (day 0), after performing a baseline angiogram, the internal

iliac artery of the ischemic limb of 8 animals was transfected with phVEGFi 65 percutaneously using a 2.0

mm hydrogel-coated balloon catheter. The angioplasty balloon was prepared (ex vivo) by first advancing

the deflated balloon through a 5 Fr. teflon sheath, applying 400 jig of phVEGFi65 to the 20 |im-thick

layer of hydrogel on the external surface of the inflated balloon, and then retracting the inflated balloon

back into the protective sheath. The sheath and angioplasty catheter were then introduced via the right

carotid artery, and advanced to the lower abdominal aorta using a 0.014 in. guidewire under fluoroscopic

guidance. The balloon catheter was then advanced into the internal iliac artery of the ischemic limb,

inflated for 1 min at 6 atmospheres, deflated, and withdrawn. An identical protocol was employed to

transfect the internal iliac artery of 9 control animals with the plasmid pGSVLacZ containing a nuclear

targeted (i-galactosidase sequence. Heparin was not administered at the time of transfection or at any point

subsequently.

To confirm expression of human VEGF gene in transfected rabbit iliac arteries in vivo, we
analyzed transfected arteries for the presence of human VEGF mRNA by RT-PCR. To ensure the

specificity of RT-PCR for human VEGF mRNA resulting from successful transfection (versus

endogenous rabbit VEGF mRNA), primers employed were selected from a region which is not conserved

among different species. Arteries were harvested at 5 days post-transfection. The presence of human
VEGF mRNA was readily detected in rabbit SMC culture (n=3) and rabbit iliac arteries (n=3) transfected

with phVEGFi 65 - Rabbit iliac arteries transfected with pGSVLacZ (n=3) were negative for human VEGF
mRNA. Southern blot analysis was used to further confirm that the 258 bp bands obtained by RT-PCR
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did in fact correspond to the region between the two primers. Direct sequencing of the RT-PCR product
documented that this band represented the human VEGF sequence.

Development of collateral vessels in the ischemic limb was serially evaluated by calf blood
pressure measurement and internal iliac arteriography immediately prior to transfection (day 0), and then in

serial fashion at days 10 and 30 post-transfection. Following the final 30-day follow-up, the animal was
sacrificed, and tissue sections were prepared from the hindlimb muscles in order to perform analysis of
capillary density.

The development of collateral vessels in the 5 rabbits transfected with phVEGFi 65 and 6 rabbits

transfected with pGSVLacZ was evaluated by selective internal iliac angiography. In control animals,

collateral artery development in the medial thigh typically appeared unchanged or progressed only slightly

in serial angiograms recorded at days 0, 10, and 30. In contrast, in the VEGF-transfected group, marked
progression of collateral artery was observed between days 10 and 30. Morphometric analysis of
collateral vessel development in the medial thigh was performed by calculating the angiographic score. At
baseline (day 0), there was no significant difference in angiographic score between the VEGF-transfected
and control groups (day 0: 0.17±0.02 vs 0.20±0.06, p=ns). By day 30, however, the angiographic score

in VEGF-transfected group was significantly higher than that in control group (0.47±0.09 vs 0.34±0.10,

p<0.05).

Reduction of the hemodynamic deficit in the ischemic limb following VEGF-transfection was
confirmed by measurement of calf blood pressure ratio (ischemic/normal limb). The calf blood presssure

ratio was virtually identical in both groups prior to transfection (0.23±0.14 in control and 0.20±0.12 in

VEGF-transfected animals, p=ns). By day 10 post-transfection, the blood pressure ratio for the VEGF-
transfected rabbits was significantly higher than for the control rabbits (0.60±0.12 vs 0.32±0.14,

p<0.01). At day 30, the blood pressure ratio for VEGF-transfected group continued to exceed that of

controls (0.70±0.08 vs 0.50±0.18, p<0.05).

A favorable effect of VEGF-transfection upon revascularization was also apparent at the

capillary level. The medial thigh muscles of the ischemic limbs were histologically examined at day 30
post-transfection. Analysis of capillary density disclosed a value of 233.0±60.9 /mm 2 in VEGF-
transfected group versus 168.7±31.5 /mm2 in the control group (p<0.05). Analysis of capillary/myocyte

ratio disclosed a value of 0.67±0.15 in the VEGF-transfected group versus 0.48+0.10 in the control group

(p<0.05).

To evaluate the efficiency of in vivo arterial gene transfer, transfected iliac arteries were
harvested at 5 days post-transfection, and were used for B-galactosidase histochemical analysis. In arteries

transfected with nuclear targeted B-galactosidase, evidence of successful transfection, indicated by dark

blue nuclear staining, was observed in only < 0.5 % of total arterial cells. Arteries transfected with

phVEGF ]65 were negative for nuclear staining.

This in vitro and in vivo data is presented in further detail in a manuscript submitted for

publication ("Therapeutic Angiogenesis Following Arterial Gene Transfer of Vascular Endothelial Growth
Factor in a Rabbit Model of Hindlimb Ischemia") which is enclosed in the Appendix to this proposal.

More recently, we have evaluated the physiologic response to VEGF gene transfer in the same

rabbit model of hindlimb ischemia 39. At 30 days post-transfection, limb perfusion was evaluated pre- and

post-papaverine (2 mg, intra-arterial) using a .018 in. guidewire with a Doppler crystal at the distal tip

38to measure flow velocity, and quantitative angiography to measure iliac artery diameter at the site of wire

placement. Maximum flow (ml/min post-papaverine), calculated assuming circular lumen geometry, was
62.3+6.6 (n=7) following gene therapy, similar to that recorded following 500 |ig of recombinant protein

in the same animal model (52.7 ±2.4, n=ll), and significantly greater than that recorded in untreated

controls (30.9+2.6, n=6, p<0.001 by ANOVA).
The experimental model used for these pre-clinical studies was designed to simulate ischemia

characteristic of patients with lower extremity arterial occlusive disease. In contrast to models of acute

ischemic injury, an interval of 10 days between the time of surgery and gene transfer was incorporated to

allow for development of varying degrees of spontaneous collateral formation. The notion that this animal

model simulates "chronic" ischemia is further supported by the finding that collateral vessel development

(in untreated controls) does not improve significantly beyond this point, up to the time of final

angiography and death at 40 days 7. Indeed, initial studies evaluating this model 8 demonstrated no

significant "spontaneous" improvement in collateral perfusion either angiographically or

hemodynamically between days 30 and 90 after surgically induced ischemia.

Our pre-clinical studies thus suggest that VEGF arterial gene transfer can successfully

augment collateral perfusion despite a low transfection efficiency. On the basis of control animals

transfected with pGSVLacZ, we estimate that the transfection efficiency achieved with the current delivery
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system is <0.5%. As outlined above, additional in vitro and in vivo studies performed in our laboratory

suggest that this low level of transfection efficiency may be sufficient to achieve a biologically meaningful
effect when the transgene encodes for a secreted protein.

II. EXPERIMENTAL DESIGN
II.A. Objectives
II.A. 1 Primary Objective. The primary objectives of this investigation are a) to

determine the efficacy of arterial gene therapy using ph.VEGF to relieve rest pain and/or heal ischemic

ulcers of the lower extremities in patients with PAD; and b) to document the safety of the ph.VEGF arterial

gene therapy for therapeutic angiogenesis.

II.A.2 Secondary Objective. The secondary objective is to determine the anatomic
and physiologic extent of collateral artery development in patients receiving ph.VEGF arterial gene
therapy.

II.B. Selection of Patients

Patients will be selected for this protocol if they have rest pain and/or non-healing ischemic ulcers; and

are not satisfactory candidates for non-surgical or surgical revascularization. As indicated above, the lack

of available medical therapy for such patients implies that many of these patients may face amputation of a

portion of their limb as the sole therapeutic option. The potential for achieving limb salvage in a selected

group of patients with no alternative therapeutic option suggests to us that these patients represent good
candidates for arterial gene therapy as outlined below. It should also be noted in this regard that patients

with critical leg ischemia - as defined in this study - have a poor prognosis in general, probably as the

result of multifocal atherosclerosis 2; in a Scandanavian study of patients with rest pain alone, the mortality

rate was 50% after 5 years 57.

In our view, the consequences of PAD in the patient subset we have selected to study are sufficiently

predictable to allow for meaningful assessment of the results of gene therapy. Rest pain has an unrelenting

course; i.e. once the diagnosis has been established it will not resolve spontaneously. As a means of

substantiating the otherwise subjective symptom of rest pain, a minimum- of four weeks or greater of

dependence on narcotics will be required for patient selection. For non-healing ulcers, patients will be

included only if a minimum of 8 weeks of conservative measures have failed to improve the appearance of

the ulcer. Published and/or clinical experience would suggest that spontaneous improvement in an

ischemic ulcer following this duration of conservative therapy is unlikely.

We propose to recruit 12 patients for the first phase of this study. Our intention would be to seek

permission to recruit additional patients after evaluating the safety and efficacy of therapy in this initial

cohort.

We initiated a prospective registry in our own institution approximately one year ago, designed to

identify those patients referred to or otherwise seen by us who might be appropriate candidates for this

protocol. During this time we prospectively identified 45 patients from our institution alone who would be

eligible for this study. Thus, including patients from other institutions or geographic areas, the total

number of patients whom we would anticipate being able to identify each year would be several times this

number.

II. B.l. Inclusion Criteria

a. Sex. Both males and females will be eligible.

b. Age. Patients must be 40 years or older.

c. Child-bearing status. Patients must not be pregnant. Women in whom child-

bearing capabilities are preserved must have a negative pregnancy test. Men and women in whom child-

bearing capabilities are preserved must agree to employ barrier contraception for 3 months post-gene

transfer.

d. Symptoms. Patients will be candidates for this study if they have rest pain considered

by at least two physicians to be typical of arterial insufficiency, with or without established ischemic ulcers

(vide infra). Such pain is typically characterized as calf cramping, or a burning sensation involving the

heel, toes, and sole of the foot, and is often relieved by assuming the upright position or placing the

affected limb in the dependent position when supine. To reduce the likelihood that such pain represents

acute exacerbation of limb ischemia, due, for example, to an embolic etiology, a minimum duration of four

weeks of rest pain with dependence on narcotics with no improvement will be required for inclusion.

e. Signs. Patients will be candidates for this study if they have established ulcerations or

other non-healing lesions of the lower extremities which are judged by two physicians to be due to arterial
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insufficiency. In the case of ischemic ulcers, the classical appearance would involve an ulcer located on the

toes, heel, or lateral aspect of the foot or in the distal lower limb, having a sharply demarcated border with
necrotic edges and, in its center, pale, poorly formed granulation tissue; although the classic ischemic ulcer

is extremely painful, local neurologic deficit (typically secondary to diabetes mellitus) may result in lack of

pain. The development of apparent gangrene will be neither a requirement nor an exclusion criterion for the

purposes of this study. To determine that simple conventional measures such as rest and therapeutic

dressings will have been insufficient to acheive healing of the ulcer, a minimum duration of four weeks of

conservative therapy without evidence of significant healing will be required for entry into the study.

f. Non-invasive findings. Each patient will be required to have undergone non-

invasive examination including, but not limited to, the following assessments:

•Ankle-brachial index (ABI). Resting ABI in the affected limb must be <0.6 on two
consecutive examinations performed at least 1 week apart. For patients with incompressible ankle arteries

(due to calcific deposits with or without associated diabetes), the Great Toe Index (GTI) must be <0.6.

•Excercise testing. It is assumed that the requirement for rest pain and/or ischemic

ulcers will preclude excercise testing in most patients. Each patient, however, will be asked to excercise; if

unable to do so, this will be noted. The basis for this consideration is that the ability to successfully

complete any portion of an exercise protocol post-treatment will be evaluated in the event that rest pain is

eliminated and/or ulcerations healed.

g. Diagnostic angiography. Each patient will undergo selective diagnostic

angiography of the involved extremity. A selective approach will be employed to optimally demonstrate

distal runoff and pre-existing collateral arteries. The angiogram will be done via a contralateral or antegrade

approach depending upon operator preference and patient anatomy, including the site of anatomic

obstruction. To be eligible for entry into the study, diagnostic angiography must unequivocally

demonstrate total occlusion in the affected limb of one or more of the following arteries: iliac, superficial

femoral, popliteal, and/or one or more infrapopliteal arteries. Furthermore, the site of occlusion and
associated anatomic findings must be such that selective angiography - and selective arterial transfection -

is technically feasible.

h. Medications. Patients will be included only if they agree to and judged appropriate to

discontinue concomitant prostaglandin therapy and/or therapy with vasodilators, dextran, hetastarch,

pentoxyfylline, L-camitine, and/or hyperbaric oxygen. Patients may continue to receive aspirin and

coumadin, provided that these therapies have been used by the patient for a minimum of 6 months prior to

entry into the study.

II. B.2 . Exclusion Criteria

a. Aortic or lower extremity arterial surgery, angioplasty, or lumbar sympathectomy within

2 months.

b. Radiographic or radioisotopic evidence of concomitant osteomyelitis in ischemic

extremity.

c. Any concomitant disease process with a life expectancy of less than 1 year or which is

sufficiently severe as to compromise clinical follow-up examinations.

d. Significant history of alcohol or drug abuse within the past three months.

e. Previous or current history of neoplasm

f. Clinically significant abnormality in liver function or other laboratory tests, including

PSA and CEA; moreover, patients will be excluded if there are even equivocal signs by chest radiograph,

abdominal CT scan, mammography in the case of female, or prostate examination in the case of male of

neoplasm.

g. Clinical evidence of Type I diabetes mellitus, diabetic retinopathy, and/ or other

ophthalmologic complications of diabetes.

h. Patients who are pregnant, lactating, or if in whom childbearing capabilities are

preserved, refuse to use barrier contraception.

i. Refusal or inability to give informed consent.

II.C. Patient Evaluation
The following examinations will be performed prior to entry into the study (See Table 1).

1) Medical history. The patient will be interrogated regarding the presence or absence of rest pain

using a 10 cm visual analogue scale. The generic name and total daily dose of all analgesic or other drugs

will be recorded. The date of any required surgery for extensive debridement, skin grafting or limb

amputation will be recorded. A general and cardiovascular history will be recorded as well.
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2) Physical examination. A general as well as specific vascular examination will be performed. As part

of the latter, auscultation of the lower extremities will be performed for bruits, and palpation will be
performed for femoral, popliteal, and pedal pulses; grading of each will be done on a 0-4+ scale.

Status of ischemic ulcers will be documented by gross photographs. The location, size, depth and
necrosis characteristics of all ischemic ulcers will be recorded after cleansing and debridement (if any). The
area of the ulcer(s) will be estimated as the product of the longest length times the longest perpendicular

width. For inaccessible sites such as interdigital locations, an estimate of surface area will be made. The
depth of the ulcer(s) will be graded as l=superficial defect; 2=involvement of subcutaneous tissue;

3=exposure of tendon or bone; 4=necrosis of tendon or bone. The ulcer(s) will be further characterized as

wet or dry.

3) Clinical Laboratory Studies.

a) Hemoglobin, hematocrit
,
white blood cell count, white blood cell differential count, platelet

count, Westergren sedimentation rate, serum electrolytes (sodium, potassium, chloride, bicarbonate),

BUN, creatinine, glucose, uric acid, total protein, albumin, calcium, phosphate, total bilirubin, conjugated

bilirubin, AST, ALT, alkaline phosphatase, LDH, CEA, PSA.
b) Urine analysis: qualitative protein, blood, glucose, ketones, pH, microscopic examination.

c) Stool: hemoccult

d) Chest x-ray

e) CT scan of chest and abdomen
f) Head MRI scan

g) Sigmoidoscopy and prostate examination.

4) Indices, pressures, and pulse volume recordings (PVRs). The ankle-brachial index (ABI) and great

toe index (GTT) will be performed with the patient supine, as previously described. A continuous wave
Doppler ultrasonic instrument detects the arterial pulse, and standard cuffs are used to measure systolic

pressures in both the dorsalis pedis and posterior tibial arteries in each leg, as well as in each arm. The
highest pressure of the two arms will be used for calculating ABI. At rest, systolic pressure is determined

in both the dorsalis pedis and posterior tibial arteries of each ankle, and the ABI is calculated from these

values. GTI will be measured using a digital blood pressure cuff placed at base of the great toe and
brachial blood pressure as described above.

Provided that the results of these examinations are consistent with the inclusion and exclusion criteria

cited above, the opportunity to participate in this study will be discussed with the patient.

III. CONSTRUCTION OF PLASMID

III.A.Plasmid Structure
The cDNA to be used in this protocol encodes the 165 amino acid isoform of VEGF and has

been described previously 26,58

The plasmid into which the VEGF cDNA has been inserted, phVEGFigs, is a simple

eucaryotic expression plasmid that utilizes the 763-base-pair cytomegalovirus (CMV) promoter/enhancer to

drive VEGF expression. This promoter/enhancer has been used to express reporter genes in a variety of

cell types and can be considered to be constitutive. Downstream from the VEGF cDNA is the SV40
polyadenylation sequence. Also included in this plasmid is a fragment containing the SV40 origin of

replication that includes the 72 base pair repeat, but this sequence is not functionally relevant (for

autonomous replication) in the absence of SV40 T-antigen. These fragments occur in the pUC118 vector

which includes an E.coli origin of replication and the 6-lactamase gene for ampicillin resistance.

The VEGF expression plasmid, phVEGFi65 , was constructed by David Leung while working

at Genentech. The entire phVEGF^ sequence (5651 bp) has been determined (designated VEGF V1-V2)
using 24 sequencing primers. This determined sequence is compared with the deduced sequence

(designated 1. VEGF) provided to us by Dr. Buffer Fennie at Genentech. The structure of the double-

stranded DNA was determined by the cycle sequencing method using fluorescent dideoxy terminator

nucleotides with an Applied Biosystem 373A Automated sequencer. Sequences were analyzed on

Macintosh Quadra computers with MacVector and Sequence Navigator software. The quality control for

this sequencing analysis consists of parallel sequence analyses of Bluescript and Ml 3 controls.

Our sequencing found 3 regions that were missing from the sequence predicted by Genentech:

i)-4 bp (of a repeat) at the junction of the SV40 early polyA and origin sequences

ii)-35 bps within the M13 region

iii)-14 bps at the junction between M13 and pUC.
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Outside of these regions there was >98.2% sequence homology between our determined
sequence and Genentech's predicted sequence. (The number would probably be above 99%, but one of
the sequencing primers provided poorer quality sequence information that the other 23 primers.)

Sequence of the VEGF coding region was determined on both' strands and it was in 100%
agreement with the predicted sequence.

An annotated sequence showing the primer map and the approximate extents of sequence
information derived from each is included in the Appendix. There is extensive overlap in our sequence
information from this set of primers which thereby increased the accuracy of our determination. Also
shown are the key features of the phVEGFi 65 vector using the numbering system from the predicted

Genentech sequence.

III.B. Vectors
No vectors will be used to deliver the above-described plasmid. Instead, the plasmid will be

applied to the hydrogel polymer coating of a standard angioplasty balloon, as was the case in our pre-

clinical animal testing (please see accompanying manuscripts "Arterial Gene Transfer Using Pure DNA
Applied Directly to a Hydrogel-Coated Aiigioplasty Balloon," and "Therapeutic Angiogenesis Following
Arterial Gene Transfer of Vascular Endothelial Growth Factor in a Rabbit Model of Hindlimb Ischemia,"

both of which are included in the Appendix to this proposal). The catheter and method utilized for this

delivery mode are also described in detail below.

III.C. Plasmid Preparation
The material to be administered to the patient will be limited to the plasmid DNA described

above. As stated, no adjunctive delivery vectors will be employed. The plasmid DNA will be prepared

shortly prior to gene transfer in the Medical Center's Human Gene Therapy (HGT) Laboratory; this

laboratory, to be located in the Medical Center, will be used exclusively for growing and preparing the

plasmid to be used in this protocol. It will be fully equipped with a 37°C incubator, Eppendorf
microcentrifuge, hydraulic thermostat-controlled orbit environment shaker, Sorvall Super T-21

microcomputer-controlled tabletop Superspeed refrigerated centrifuge -20° safety refrigerator/freezer,

lyophilizer, and vacuum pump. These instruments - including the rotor to be used in the Sorvall centrifuge

- will thus be exposed exclusively to the plasmid DNA intended for human administration in this protocol.

Certain pecautions to ensure the purity of the final product will be adopted 59 These include, but are not

limited to, use of newly acquired glassware; use of plasticware which is purchased sterile and used once;

use of aseptic conditions; and maintenance of records throughout the production procedure detailing

completion of each step and results of all analyses. Risks to laboratory workers will be minimized by use

of double gloving, aerosol-free conditions, and possible use of a fume hood.

DNA will be prepared from cultures of phVEGFi 65-transformed E.coli by the Qiagen method
according to the directions of the manufacturer (Qiagen, Inc., Chatsworth, CA). Briefly, cultures will be

grown in 500 ml of LB medium with 100 fig/ml of ampicillin. Cells will be harvested at a density of 1.0

to 1.5 (A600 units/ml) and prepared with a Qiagen-tip 2500. Following elution from the Qiagen column,

the plasmid will be extracted with Triton X-114 to remove endotoxin. Following this procedure, the

plasmid DNA will be ethanol precipitated, dried on a Speed Vac, and stored in vials, reconstituted in sterile

saline. We anticipate yields of 1.5 to 2.5 mg of plasmid DNA. We have selected this method of plasmid

preparation in lieu of a CsCl gradient for several reasons. First, previous deliberations of the RAC have

suggested that ethidium bromide not be used for human DNA preparation "...because of safety

concerns..."; approval was made by the RAC, instead, for a column method of separation 60 Second, in

preliminary phone conversations with the FDA, it was explicitly indicated to us that "...investigators are

being advised against the use of CsCl..." for the same reason. Third, C-aplen et al have previously

reported that plasmid DNA prepared for human administration using Qiagen preps resulted in "...DNA

qualities comparable to separation twice through caesium chloride gradients without exposure of the DNA
to toxic agents such as ethidium bromide or phenol/chloroform." 59 in this regard, we have performed

preliminary tests on phVEGFi 65 prepared by CsCl, Qiagen, and Promega ("Wizard") protocols. The

260/280 ratios were 1.6, 1.8, and 1.8 (CsCl, Qiagen, and Promega, respectively); protein content was

negligible or non-detectable using either of these purification protocols as determined by the Bradford dye-

protein assay from Bio-Rad. Sequence determinations of each plamid disclosed no differences in the

VEGF sequence among any of the three preps. Fourth, there is in fact published data demonstrating

improved efficiency with Qiagen plasmids versus those prepared from cesium chloride 61, a finding that

was attributed to a larger portion of fragmented DNA visualized by electron microscopy in the cesium
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chloride versus Qiagen preps 62. Finally, our experience with the Qiagen columns in the past has been
superior to other resin systems or CsCl with regard to reproducibility. Of course, this proposed approach

will ultimately be discussed with both the RAC and FDA and we stand ready to accept their

recommendation on this point.

The sealed vials will be stored in a dedicated storage freezer/refrigerator in the HGT
Laboratory. Approximately, 1 hour prior to delivery plasmid solution will be aliquoted in individual sterile

vials mixed under sterile conditions as follows: 0.1 ml of plasmid DNA (5mg/ml) is diluted to 250pl with

saline at room temperature. Approximately 15 minutes before delivery, vials of plasmid will be brought to

the Special Procedures Laboratory and, under sterile conditions, pipette-applied to the hydrogel polymer
coating of the inflated angioplasty balloon, following which the balloon will be allowed to air dry. Based

on the formula for the surface area of a cylinder (27trh + 27tr2) we have calculated that the maximum
amount of plasmid DNA which we can apply to the hydrogel polymer coating a balloon 5 mm. in diameter

and 20 mm. in length is 1.07 mg. Given that this is 2.5X the dose we used in a 3.5 kg rabbit, we believe

that 1.0 mg represents a reasonable increase in plasmid DNA for the leg of a 70 kg patient. The balloon is

then deflated, enclosed within a sterile sheath, and directed under fluoroscopic guidance to the site of gene

transfer.

III.D. Plasmid Monitoring

III.D.l. Re-sequencing. Because we recognize that sequence changes may occur at any

time and are not ruled out by testing at a single point in time, we will routinely re-sequence the VEGF-
coding region of aliquots from each batch of plasmid DNA generated for human application in the current

protocol.

III.D. 2. Single DNA Species. Plasmid batches will be routinely grown from single

colonies of transformed E.coli. To confirm that the plasmid is a single DNA species, aliquots of plasmid

will be removed and digested with appropriate restriction enzymes to confirm that the pattern of generated

fragments conform to the predicted digestion pattern.

III.D.3. Integration. The pre-clinical in vitro and in vivo experiments (vide infra) have

been performed using nonlinearized DNA. As indicated by previous investigators 60
? the use of uncut

plasmid DNA reduces the likelihood of long-term over-expression (a feature that would not appear to

constitute a significant liability for therapeutic angiogenesis). Moreover, we would expect that the

likelihood of stable integration of naked DNA into the host genome, including inadvertent transfection of

germ line cells, would be statistically quite low; and previous investigators 43,63 have shown that directly

injected naked DNA exists in the unintegrated form. Nevertheless, we have monitored for this

experimentally by probing for pUC sequences in isolated genomic DNA by Southern blot analysis and

found no evidence of DNA integration. We therefore anticipate that DNA will not be stably integrated into

the host cells.

III.D.4. Protein Contamination. To determine apparent protein contamination, aliquots

of plasmid DNA prepared for patient administration will be evaluated by determining the ultraviolet

absorbance at wavelengths of 260 and 280 nm on a Hewlett-Packard 8452A diode array

Spectrophotometer. Protein content will be further evaluated using the BioRad protein assay. Prepared

lots from which aliquots indicate significant protein contamination will be discarded, based on guidelines

suggested to us by the FDA.
The Limulus Amebocyte Lysate (LAL) gel-clot method will be used to quantitatively assess bacterial

endotoxin levels. This testing will be performed by Microbiologic Associates, Inc., an independent

laboratory that has provided contact research for a number of approved gene therapy protocols. Again,

pepared lots of plasmid will be employed only if they meet FDA guidelines regarding endotoxin levels.

To ensure that ethanol precipitation has been sufficient to eliminate contamination with adventitious

agents such as bacteria, fungi, or mycoplasma, representative aliquots of each batch of plasmid DNA,
including sterile vials selected at random from among those to be used for catheter delivery, will be

evaluated by our Clinical Microbiology Laboratory under the direction of Dr. Jeff Griffiths, Medical

Director of the Microbiology Laboratory, using standard microbiological techniques to exclude

contamination by adventitious agents. Each batch of plasmid DNA solution will be tested for contaminants

and toxicity and used according to previously established FDA guidelines.
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STUDY PARAMETERS

IV.A. Pre-treatment Studies (See Table 1)

1) Medical history.

2) Physical examination.

3) Indices, pressures, and PVRs.

4) Magnetic resonance angiography (MRA). To allow non-invasive monitoring of distal limb

perfusion, MRA of the treated limb will be performed using gadolinium as previously described 64

5) Duplex color/flow Doppler . To obtain flow velocity measurements at pre-determined

anatomic sites (depending on the individual patient anatomy at baseline), duplex color/flow Doppler

examination will be performed of the treated limb as previously described

6) Transcutaneous oxygen pressure (TcO?). TcO? will be measured under resting conditions

(30-minute adaptation time) at two different sites on the dorsal surface of the foot as previously described

20, including in the region of ischemic ulcers if these are present.

7) Spiral-computed tomography (sniral-CT), To obtain high resolution definition of distal

vasculature in the treated limb, spiral-CT will be performed using approximately 60cc of Renografin-43
administered via a peripheral vein.

8) Diagnostic angiography. To obtain definition of distal vasculature in treated limb using

what is still regarded as "gold standard," diagnostic angiography will be performed using selective

techniques from a contrateral retrograde or ipsilateal antegrade approach using < 50 cc of 50% dilute non-

ionic contrast Cut film as well as digital images will be recorded.

9) Quality of life (OOL). QOL will be measured by Health Status Survey questionnaire (HSS-
SF-36) which the patient will be asked to complete alone.

IV.B. Treatment
Gene transfer itself will be performed percutaneously in an identical fashion to that used for the pre-

clinical animal studies. If the profunda is the intended site of gene transfer, then a retrograde, wire-guided

approach from the contralateral common femoral artery will be used, according to standard techniques, to

advance the angioplasty catheter/sheath to the site of gene transfer under flouroscopic guidance. Once
positioned, the sheath will be withdrawn, the balloon inflated for 5 minutes at nominal inflation pressures,

following which the balloon will be deflated, drawn back into the sheath and removed. An angiogram will

then be recorded to document the anatomy and collateral circulation at the time of gene transfer, and to

confirm that no vessel trauma has occurred.

If the distal superficial femoral artery or popliteal arteries represent the site of gene transfer, the

approach will be antegrade and ipsilateral, but otherwise identical.

IV.C. Post-Treatment Studies (See Table 1)

1) Medical history. To be done weekly for three months; bi-weekly for three months;
monthly thereafter for at least 24 months.

2) Physical examination. To be done according to same schedule as medical history.

3) Indices, pressures, and PVRs. To be done according to same schedule as medical history.

4) Magnetic resonance angiography (MRA). To be done weekly X4, bi-weekly X4, monthly
X4 and then q3 months up to 24 months.

5) Duplex color/flow Doppler

.

To be done according to same schedule as MRA.
6) Transcutaneous oxygen pressure (TcO?). To be done bi-weekly X2, monthly X4, and q6

months up to 24 months.

7) Spiral-computed tomography (spiral-CT). To be done bi-weekly X2, monthly X4, and q6
months up to 24 months.

8) Diagnostic angiography. To be done monthly X2, bi-monthly X2, and then q6 months up

to 24 months. Moreover, if at any time less-invasive testing suggests a profound response to VEGF gene

therapy, ad hoc diagnostic examination may be performed; it will be attempted, however, to limit

angiographic examinations to no more than 2 per month.

9) Quality of life (OOL). To be done according to same schedule as medical history.

IV. D. Criteria for Response
As indicated above, patients with PAD who will be considered for the current study will be

limited to patients with rest pain and/or ischemic ulcers; accordingly, the primary clinical
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endpoints which will be used to measure the response to therapy in this study will be
abolition of rest pain and/or healing of the ischemic ulcer.

As indicated above, however, determination of the extent of collateral vessel augmentation which
develops consequent to VEGF gene therapy constitutes a secondary objective of this study.

Accordingly,we have constructed an examination schedule which is intended to provide comprehensive

data regarding both the clinical response of the ischemic limb, as well as anatomic and functional evidence

of collateral vessel development

IV. E. Potential Side Effects

1 . Pain and bruising at the site of catheter entry in the groin.

2. Complications related to the catheterization such as rupture of an artery, infection,

embolization, or allergic reactions to the contrast media used to position the catheter.

3. VEGF is known to be made by transformed cells of certain tumors, presumably to develop

a blood supply that will allow the tumor to grow further. Although an extensive examination will be

performed to exclude the possibility of a previously unrecognized neoplasm, a microscopic growth could

be present that might be missed by the battery of screening tests. It is therefore theoretically possible that

VEGF resulting from gene transfer could possibly promote the development of a tumor that is currently

too small to be recognized. It should be noted, however, that previous laboratory studies have established

that VEGF expression, although sufficient to promote a growth process, did not lead to malignant

proliferation or to metastasis 66
? a finding in agreement with the notion that stimulation of angiogenesis is

necessary but not sufficient for malignant growth 67.

4. It is also theoretically possible that VEGF may aggravate deteriorating eyesight due to

diabetes mellitus. The risk of this complication will presumably be eliminated by exclusion of patients

withType I diabetes and/or an opthalmologic examination which discloses evidence of diabetic eye
changes.

IV.F. Potential Risks of Gene Transfer
Even though we have attempted to minimize that risks associated with gene transfer by

eliminating the need for any viral, liposomal or other vectors, it is recognized that theoretical risks of gene
transfer remain. Previous studies suggest that intravenous administration of DNA in the absence of the

viral vectors does not elicit an autoimmune response 68. in the case of DNA complexed with liposomes,

systemic (intravenous) administration has been observed (by PCR) to result in occasional distribution to

lung, kidney, spleen, and liver, but not testes or ovary 68. Furthermore, direct injection of naked plasmid
DNA into multiple organs and tissues of rats, confirmed by PCR, has yielded evidence of gene expression

only in muscle 63. Though the DNA to be transferred to the arterial wall is considered to be harmless,

events could occur within normal cells that take up the foreign DNA that allow them to be transformed.

Laboratory studies suggest that this is unlikely, paraticularly in the case of VEGF where Chinese hamster

ovary cells transfected with this gene failed to display any criteria of transformation in vitro 66. We
nevertheless acknowledge that transfected cells could theoretically become abnormal after long periods of

time.

IV.G. Risk-Benefit Analysis
In the patient with rest pain, the major benefit we anticipate is abolition of rest pain. It is

conceivable that in certain patients, the augmentation of collateral blood flow might be of sufficient

magnitude to also allow the patient to walk some distance free of claudication.

In the patient with an ischemic ulcer, healing of the ulcer constitutes the anticipated benefit.

If healing is incomplete but facilitates placement of a skin graft which was otherwise not feasible, or if the

level of amputation is reduced compared to that anticipated prior to gene therapy (e.g. trans-metatarsal vs.

below-knee), these may represent incomplete but nevertheless favorable responses to VEGF gene therapy.

On the basis of pre-clinical animal studies, we do not anticipate adverse consequences.

Because the patients to be recruited for this study are by definition patients who are not

candidates for revascularization, in the absence of treatment by recombinant DNA transfer deleterious

consequences for which the patient is at risk include persistent rest pain, progressive loss of tissue

integrity, and/or amputation.

IV.H. Necropsy Analysis
Necropsy examination will be requested in all cases of death during, and following arterial

gene transfer. The site of gene transfer will be retrieved and analyzed by RT-PCR for evidence of gene
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expression. Detailed gross and light microscopic examination will be performed of the arterial circulation

in the transfected limb. Standard necropsy examination of all organs will be performed to exclude
possibility of unanticipated adverse side effects.

Parenthetically, the same studies will be applied to amputated limbs when appropriate.

REFERENCES
1. Criqui MH, Fronek A, Barret-Connor EK, Klauber MR, Gabriel S, Goodman D: The prevalence of

peripheral arterial disease in a defined population. Circulation 1985;71:510-515

2. European Working Group on Critical Leg Ischemia : Second European consensus document on chronic

critical leg ischemia. Circulation 199 1 ;84:IV- l-IV-26

3. Riessen R, Rahimizadeh H, Blessing E, Takeshita S, Barry JJ, Isner JM: Arterial gene transfer using

pure DNA applied directly to a hydrogel-coated angioplasty balloon. Hum Gene Ther 1993;4:749-758

4. Takeshita S, Zheng LP, Asahara T, Riessen R, Brogi E, Ferrara N, Symes JF, Isner JM: In vivo

evidence of enhanced angiogenesis following direct arterial gene transfer of the plasmid encoding vascular

endothelial growth factor. Circulation 1993;88:I-476(abstract)

5. Takeshita S, Losordo DW, Kearney M, Isner JM: Time course of recombinant protein secretion

following liposome-mediated gene transfer in a rabbit arterial organ culture model. Lab Invest (In Press)

6. Losordo DW, Pickering JG, Takeshita S, Leclerc G, Gal D, Weir L, Kearney M, Jekanowski J, Isner

JM: Use of the rabbit ear artery to serially assess foreign protein secretion after site specific arterial gene
transfer in vivo: Evidence that anatomic identification of successful gene transfer may underestimate the

potential magnitude of transgene expression. Circulation 1994;89:785-792

7. Takeshita S, Zheng LP, Brogi E, Kearney M, Pu LQ, Bunting S, Ferrara N, Symes JF, Isner JM:
Therapeutic angiogenesis: A single intra-arterial bolus of vascular endothelial growth factor augments
revascularization in a rabbit ischemic hindlimb model. J Clin Invest 1994;93:662-670

8. Pu LQ, Jackson S, Lachapelle KJ, Arekat Z, Graham AM, Lisbona R, Brassard R, Carpenter S,

Symes JF: A persistent hindlimb ischemia model in the rabbit. J Invest Surg 1994;7:49-60

9. Nabel EG, Yang Z, Liptay S, San H, Gordon D, Haudenschild CC, Nabel GJ: Recombinant platelet-

derived growth factor B gene expression in porcine arteries induces intimal hyperplasia in vivo. J Clin

Invest 1993;91:1822-1829

10. Nabel EG, Shum L, Pompili VJ, Yang ZY, San H, Shu HB, Liptay S, Gold L, Gordon D, Derynck
R, Nabel GJ: Direct gene transfer of transforming growth factor bl into arteries stimulates fibrocellular

hyperplasia. Proc Natl Acad Sci USA (In Press)

11. Marcus, M.L. The coronary collateral circulation. In: The Coronary Circulation in Health and Disease ,

edited by Marcus, M.L. New York: McGraw-Hill, 1983, p. 231.

12. Standards of Practice Committee of the Society of Cardiovascular and Interventional Radiology :

Guidelines for percutaneous transluminal angioplasty. J Vase Interven Radiol 1990;1:5-13

13. Albers M, Fratezi AC, DeLuccia N: Assessment of quality of life of patients with severe ischemia as a

result of infrainguinal arterial occlusive disease. J Vase Surg 1992;16:54-59

14. Dormandy, J.A. and Thomas, P.R.S. What is the natural history of a critically ischemic patient with

and without his leg? In: Limb Salvage and Amputation for Vascular Disease , edited by Greenhalgh, R.M.,

Jamieson, C.W. and Nicolaides, A.N. Philadelphia: WB Saunders Co., 1988, p. 11-26.

15. Isner JM, Rosenfield K: Redefining the treatment of peripheral artery disease: Role of percutaneous

revascularization. Circulation 1993; 88:1534-1557

Recombinant DNA Research, Volume 20 [331]



16. Pentecost MJ, Criqui MH, Dorros G, Goldstone J, Johnston KW, Martin EC, Ring EJ, Spies JB:

Guidelines for peripheral percutaneous transluminal angioplasty of the abdominal aorta and lower
extremity vessels: a statement for health professionals from a special writing group of the Councils on
Cardiovascular Radiology, Arteriosclerosis, Cardio-Thoracic and Vascular Surgery, Clinical Cardiology,

and Epidemiology and Prevention, the American Heart Association. Circulation 1994;89:51 1-531

17. Folkman J: Tumor angiogenesis: therapeutic implications. N Engl J Med 197 1;285:1 182-1 186

18. Shing Y, Folkman J, Sullivan J, Butterfield R, Murray J, Klagsbrun M: Heparin-afinity purification

of a tumor-derived capillary endothelial cell growth factor. Science 1984;223:1296-1299

19. Hockel M, Schlenger K, Doctrow S, Kissel T, Vaupel P: Therapeutic angiogenesis. Arch Surg
1993;128:423-429

20. Baffour R, Berman J, Garb JL, Rhee SW, Kaufman J, Friedmann P: Enhanced angiogenesis and

growth of collaterals by in vivo administration of recombinant basic fibroblast growth factor in a rabbit

model of acute lower limb ischemia: dose-response effect of basic fibroblast growth factor. J Vase Surg
1992;16:181-191

21. Pu LQ, Sniderman AD, Brassard R, Lachapelle KJ, Graham AM, Lisbona R, Symes JF: Enhanced
revascularization of the ischemic limb by means of angiogenic therapy. Circulation 1993;88:208-215

22. Yanagisawa-Miwa A, Uchida Y, Nakamura F, Tomaru T, Kido H, Kamijo T, Sugimoto T, Kaji K,

Utsuyama M, Kurashima C, Ito H: Salvage of infarcted myocardium by angiogenic action of basic

fibroblast growth factor. Science 1992;257:1401-1403

23. Ferrara N, Henzel WJ: Pituitary follicular cells secrete a novel heparin-binding growth factor specific

for vascular endothelial cells. Biochem Biophys Res Commun 1989;161:851-855

24. Keck PJ, Hauser SD, Krivi G, Sanzo K, Warren T, Feder J, Connolly DT: Vascular permeability

factor, an endothelial cell mitogen related to PDGF. Science 1989;246:1309-1342

25. Connolly DR, Olander JV, Heuvelman D, Nelson R, Monsell R, Siegel N, Haymore BL, Leimgruber
R, Feder J: Human vascular permeability factor: isolation from U937 cells. J Biol Chem 1989;264:20017-

20024

26. Leung DW, Cachianes G, Kuang WJ, Goeddel DV, Ferrara N: Vascular endothelial growth factor is a

secreted angiogenic mitogen. Science 1989;246:1306-1309

27. deVries C, Escobedo JA, Ueno H, Houck K, Ferrara N, Williams LT: The/hw-like tyrosine kinase, a

receptor for vascular endothelial growth factor. Science 1992;255:989-991

28. Millauer B, Wizigmann-Voos S, Schnurch H, Martinez R, Moller NPH, Risau W, Ulrich A: High
affinity VEGF binding and developmental expression suggest Flk- 1 as a major regulator of vasculogenesis

and angiogenesis. Cell 1993;72:835-846

29. Terman BI, Dougher-Vermozen M, Carrion ME, Dimitrov D, Armellino DC, Gospodarowicz D,

Bohlen P: Identification of the KDR tyrosine kinase as a receptor for vascular endothelial growth factor.

Biochem Biophys Res Commun 1992;187:1579-1586

30. Klagsbrun M, D'Amore PA: Regulators of angiogenesis. Annu Rev Physiol 1991;53:217-239

31. Gospodarowicz D, Massoglia S, Cheng J, Fujii DK: Effect of fibroblast growth factor and

lypoproteins on the proliferation of endothelial cells derived from bovine adrenal cortex, brain cortex, and

corpus luteum capillaries. J Cell Physiol 1986;127:121-136

32. Conn G, Soderman D, Schaeffer M-T, Wile M, Hatcher VB, Thomas KA: Purification of

glycoprotein vascular endothelial cell mitogen from a rat glioma cell line. Proc Natl Acad Sci USA
1990;87:1323-1327

[332]
Recombinant DNA Research, Volume 20



33. Shen H, Clauss M, Ryan J, Schmidt A-M, Tijburg P, Borden L, Connolly D, Stern D, Kao J:

Characterization of vascular permeability factor/vascular endothelial growth factor receptors on
mononuclear phagocytes. Blood 1993;81:2767-2773

34. Clauss M, Gerlach M, Gerlach H, Brett J, Wang F, Familletti PC, Dan Y-CE, Olander JV, Connolly
DT, Stem D: Vascular permeability factor: a tumor-derived polypeptide that induces endothelial cell and
monocyte procoagulant activity, and promotes monocyte migration. J Exp Med 1990;172:1535-1545

35. Levy AP, Tamargo R, Brem H, Nathans D: An endothelial cell growth factor from the mouse
neuroblastoma cell line NB41. Growth Factors 1989;2:9-19

36. Connolly DT, Hewelman DM, Nelson R, Olander JV, Eppley BL, Delfino JJ, Siegel RN, Leimgruber
RS, Feder J: Tumor vascular permeability factor stimulates endothelial cell growth and angiogenesis. J
Clin Invest 1989;84:1470-1478

37. Takeshita S, Pu L-Q, Zheng L, Ferrara N, Stein LA, Sniderman AD, Isner JM, Symes JF: Vascular

endothelial growth factor induces dose-dependent revascularization in a rabbit model of persistent limb

ischemia. Circulation 1994;(In Press)

38. Isner JM, Kaufman J, Rosenfield K, Pieczek A, Schainfeld R, Ramaswamy R, Kosowsky BD:
Combined physiologic and anatomic assessment of percutaneous revascularization using a Doppler
guidewire and ultrasound catheter . Am J Cardiol 1993;7 L70D-86D

39. Bauters C, Asahara T, Zheng LP, Takeshita S, Bunting S, Ferrara N, Symes JF, Isner JM:
Physiologic assessment of angiogenesis induced by vascular endothelial growth factor in a rabbit ischemic

hindlimb model. Am J Physiol (In Press)

40. Fram DB, Aretz T, Azrin MA, Mitchel JF, Samady H, Gillam LD, Sahatjian R, Waters D, McKay
RG: Localized intramural drug delivery during balloon angioplasty using hydrogel-coated balloons and

pressure-augmented diffusion. JACC 1994;23:1550-1577

41. Nunes GL, Hanson SR, King III.S.B., Sahatjian RA, Scott NA: Local delivery of a synthetic

antithrombin with a hydrogel-coated angioplasty balloon catheter inhibits platelet-dependent thrombosis.

JACC 1994;23:1578-1583

42. Chapman GD, Lim CS, Gammon RS, Culp SC, Desper JS, Bauman RP, Swain JL, Stack RS: Gene
transfer into coronary arteries of intact animals with a percutaneous balloon catheter. Circ Res 1992;71:27-

33

43. Wolff JA, Malone RW, Williams P, Chong W, Acsadi G, Jani A, Feigner PL: Direct gene transfer

into mouse muscle in vivo. Science 1990;247:1465-1468

44. Wolff JA, Williams P, Acsadi G, Jiao S, Jani A, Chong W: Conditions affecting direct gene transfer

into rodent muscle in vivo. Biotechniques 1991;11:474-485

45. Gal D, Weir L, Leclerc G, Pickering JG, Hogan J, Isner JM: Direct myocardial transfection in two

animal models: Evaluation of parameters affecting gene expression and percutaneous gene delivery. Lab

Invest 1993;68:18-25

46. Lin H, Parmacek MS, Morle G, Bolling S, Leiden JM: Expression of recombinant genes in

myocardium in vivo after direct injection of DNA. Circulation 1990;82:2217-2221

47. Kitsis RN, Buttrick PM, McNally EM, Kaplan ML, Leinwand LA: Hormonal modulation of a gene

injected into rat heart in vivo. Proc Natl Acad Sci USA 1991;88:4138-4142

48. Buttrick PM, Kass A, Kitsis RN, Kaplan ML, Leinwand LA: Behavior of genes directly injected into

the rat heart in vivo. Circ Res 1992;70:193-198

Recombinant DNA Research, Volume 20 [333]



49. Leclerc G, Gal D, Takeshita S, Nikol S, Weir L, Isner JM: Percutaneous arterial gene transfer in a

rabbit model: Efficiency in normal and balloon-dilated atherosclerotic arteries. J Clin Invest 1992;90:936-

944

50. Lim CS, Chapman GD, Gammon RS, Muhlestein JB, Bauman RP, Stack RS, Swain JL: Direct in

vivo gene transfer into the coronary artery and peripheral vasculature of the intact dog. Circulation

1991;83:2007-2011

51. Willard JE, Landau C, Glamann DB, Bums D, lessen ME, Pirwitz MJ, Gerard RD, Meidell RS:
Genetic modification of the vessel wall: comparison of surgical and catheter-based techniques for delivery

of recombinant adenovirus. . Circulation 4;89:2190-2197(abstract)

52. Stratford-Perricaudet LD, Makeh I, Perricaudet M, Briand P: Widespread long-term gene transfer to

mouse skeletal muscles and heart. J Clin Invest 1992;90:626-630

53. Mulligan R: The basic science of gene therapy. Science 1993;260:926-932

54. Lemarchand P, Jones M, Yamada I, Crystal RG: In vivo gene transfer and expression in normal
uninjured blood vessels using replication-deficient recombinant adenovirus vectors. Circ Res
1993;72:1132-1138

55. Nabel EG, Plautz G, Nabel GJ: Transduction of a foreign histocompatibility gene into the arterial wall

induces vasculitis. Proc Natl Acad Sci USA 1992;89:5157-5161

56. Nabel EG, Yang ZY, Plautz G, Forough R, Zhan X, Haudenschild CC, Maciag T, Nabel GJ:

Recombinant fibroblast growth factor-
1
promotes intimal hyperplasia and angiogenesis in arteries in vivo.

Nature 1993;362:844-846

57. Bolin T, Aldman A, Gustavsson P-O, Karlqvist P-A, Stenberg B, Elfstrom J: Hur gar det for patienter

med viloischemi som ej opereras? Lakartidningen 1988;85:2398-2399

58. Tischer E, Mitchell R, Hartmann T, Silva M, Gospodarowicz D, Fiddes J, Abraham J: The human
gene for vascular endothelial growth factor: multiple protein forms are encoded through alternative exon
splicing. J Biol Chem 1991;266:11947-11954

59. Caplen JJ, Gae X, Hayes P, Elaswarapu R, Fisher G, Kinrade E, Chakera A, Schorr J, Hughes B,

Dorin JR, Porteous DJ, Alton EWFW, Geddes DM, Coutelle C, Williamson R, Huang L, Gilchrist C:

Gene therapy for cystic fibrosis in humans by liposome mediated DNA transfer: the production of

resources and the regulatory process. Gene Therapy 1994;1:139-147

60. Nabel G: Proposed amendment to Appendix D of the NIH Guidelines Regarding a Human Gene
Therapy Protocol Entitled Immunotherapy ofMalignancy by In Vivo Gene Transfer into Tumors. Human
Gene Ther 1994;5:236-240

61. Schleef M, Heimann P: Cesium chloride or column preparation? An electron microscopical view of

plasmid preparations. Biotechniques 1993; 14:544

62. Ehlert F, Bierbaum P, Schorr J: Importance of DNA quality for transfection efficiency. Biotechniques

1 993; 14:546

63. Acsadi G, Jiao S, Jani A, Duke D, Williams P, Chong W, Wolff JA: Direct gene transfer and

expression into rat heart in vivo. The New Biologist 1991;3:71-81

64. Prince MR: Gadolinium-enhanced MR aortography. Radiol 1994;91:155-164

65. Rosenfield K, Kelly SM, Fields CD, Pastore JO, Weinstein R, Palefski P, Langevin RE, Kosowsky
BD, Razvi S, Isner JM: Non-invasive assessment of peripheral vascular disease by color flow

Doppler/two-dimensional ultrasound. Am J Cardiol 1989;64:247-251

[334]
Recombinant DNA Research, Volume 20



66. Ferrara N, Winer J, Burton T, Rowland A, Siegel M, Phillips HS, Terrell T, Keller GA, Levinson
AD: Expression of vascular endothelial growth factor does not promote transformation but confers a

growth advantage in vivo to Chinese hamster ovary cells. J Clin Invest 1992;91:160-170

67. Folkman J, Shing Y: Angiogenesis. J Biol Chem 1992;267:10931-10934

68. Nabel EG, Gordon D, Yang Z-Y, Xu L, San H, Plautz GE, Wu B-Y, Gao X, Huang L, Nabel GJ:

Gene transfer in vivo with DNA-liposome complexes: lack of autoimmunity and gonadal localization.

Human Gene Ther 1992;3:649-656

Recombinant DNA Research, Volume 20 [335]



Plasmid Name: phVEGF165Kan

Plasmid size: 5.82 kb

Constructed by: Susan T. Rossow

Construction date: -

Comments/References: -

[336]
Recombinant DNA Research, Volume 20



phVEGF165Kan

Plasmid

Structure

and

Sequencing

Strategy

CD O T—

O O LO
CD CD LO CO CO M- 00
T— 00 CM CO CO LO

CD O
CD

1

LO CO
CO O h-

co
CM CM

•M" 00 00
1 CM CM CD

. . CO o
LL cr LL cc •M- M-
1 T— CM CM
LL LL LL LL T— CM co
> > > > *

00 00 CD CM CD CD

O
00

1

08

CM
CD CM 00 LO y— CD CD CM
CD CO LO CD CD T— "M- h- 00
CM CO CO CO M" LO LO LO LO

CD LO 00 LO CO CO CO CD LO
M- CD M- O O CD T— CD CD
CD CD CM LO h- CO 1

—

CO CD
CM CM CO CO M- LO LO LO

CM CO CD r^. 00 CD O
T~ T— T— T” T~~ T“ T“ T™ CM
> > > > > > > > >

C=
o
CO
C

#
g) CD O CM

LO M- M- O h-
CO CO LO O LO CD CM
CD o LO CD CM 1 T— CM CM

Q o CO
a

CD
1

y—
1

1

CO
1

00
1

CVJ
1

1 CO 00 CM LO 1"- "M
- LO

q5

E
CD o CD CD T— M- O
CM CO LO 00 T" T“ CM

'k. V-. CM CO LO CD 00
CL >>>>>>>>

CD
LO
h-
CM

i

00
00
00
CM

O
>

4706—

3471 —

2150

1959-

1561-

985
,

948 '

902
844'
775

'

start pUC1 18

—

sv40 early poly A

Stop

Met—

Qo
Li-

CS
LU

cloning linker

sp6 promotor

start ss.21 R

sp6 RNA

from pPMLCMV
beginning to

Hindlll, enhancers
and promoter

CM

[337]Recombinant DNA Research, Volume 20

Vector/pUC118

Kanamycin

Vector/pUCl18



ST. ELIZABETH S MEDICAL CENTER

INFORMED CONSENT
FOR

EXPERIMENTAL PROCEDURES IRB Approval
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Title of Study or Protocol: Arterial Gene Therapy for Therapeutic Angiogenesis in Patients

with Peripheral Artery Disease

Name of Principal Investigator: Jeffrey M. Isner, M.D.

Participant:

Date:

I have read this consentform and certify that the activity in which I am to participate involves an
experimental procedure which has been fully described by Dr. Isner or his

representative. The procedure(s) are described below:

1. A fair and understanding explanation of the scope, aims, and purpose of the research or

treatments that are experimental in nature which has been identified and includes the following:

(Use an additional sheet of paper if necessary)

I understand that the purpose of this clinical investigation is to determine if gene therapy

can be used to cause the development of new blood vessels in legs with blocked arteries, and to

further determine if the additional blood flow which is provided by such new blood vessels will

be sufficient to eliminate leg pain present at rest ("rest pain") and/or heal ulcers in the feet and

legs.

I have been told that while angioplasty techniques and/or surgery may often increase

blood flow in patients with blocked arteries sufficient to relieve rest pain and/or heal ulcers, the

blockages in my legs are too extensive to permit either of these therapies. I am told that there are

no medications currently available that are likely to heal ulcers or result in relief of rest pain.

Accordingly, a new strategy, gene therapy, which has not been used previously for the treatment

of lower extremity arterial insufficiency, is being investigated for the treatment of patients like

myself in whom peripheral artery disease has resulted in rest pain or ulcers. This therapy has

been tested thus far in laboratory animals; the experiments suggest that if one performs surgery

on the animal (rabbit) to create blockages in the leg arteries, one can use gene therapy to grow
new blood vessels around the blockages; this treatment, I am told is termed "therapeutic

angiogenesis."

The treatment will involve using a catheter - similar to catheters which are used to

perform balloon angioplasty - to deliver DNA, or genetic material, to an artery in my leg that is

still open. The DNA is delivered to the wall of the artery from the balloon of die catheter when
the balloon is inflated. Once in the arterial wall, the DNA then directs the cells of the artery wall

to make a certain protein, in this case a protein called vascular endothelial growth factor (VEGF).

VEGF is a protein which has been shown to cause new blood vessels to grow under a variety of

conditions, including the above-described rabbit experiments in which both the protein and the

gene for the protein caused new blood vessels to develop in the leg with arterial blockages; these

blood vessels grew around the blockages so that blood flow was re-established to the lower limb,

beyond the site where the blockage was created.

My vascular doctors are thus investigating the possibilty that by using a catheter to

transfer the gene for VEGF to the arterial circulation of a leg with blocked arteries , new blood

vessels will develop that will reduce pain in the leg and/or heal an ulcer.
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I understand that this approach is highly experimental: it has not been previously tested

in humans, there is no proof that it will be successful, and, likewise, there is no guarantee of its

safety.

At each treatment, I will report any signs or symptoms I have had since my last visit. I

will keep a daily record of my use of any pain medications.

I understand that I may not use any medication during the study without first checking
with my vascular doctor. This includes over-the-counter products as well as prescription

medication.

I understand that because of unknown potential consequences of gene therapy to a

fetus/child, my participation is contingent upon the fact that I no longer am capable of

childbearing; or in the event that I am still capable of childbearing, will use some form of

barrier contraception for a period of 3 months following gene transfer.

2. The expected duration of the subjects participation in this study is up to 24 months. I

understand that although my vascular doctor (Dr.Isner) intends to continue to follow me as a

patient with regard to my vascular disease indefinitely, the duration of systematic testing

prescribed by the current protocol is limited to a period of 24 months. The detailed description of

the studies and their frequency has been made available to me, including the need for several

diagnostic angiograms.

3. Possible discomforts or risks have been pointed out to me, including, but not limited to, the

following:

a. pain and bruising at the site of catheter entry (arterial puncture) in the groin

b. complications related to the catheterization such as rupture of an artery, infection,

embolization (breaking off a piece of organized blood clot in the vessel), allergic reactions to

the contrast media (dye) used to position the catheter, and exacerbataion of renal insufficiency.

c. even though the DNA to be transferred to the arterial wall is considered to be

harmless, events could occur within normal cells that take up the foreign DNA that allow them

to be cancerous. Laboratory studies suggest that this is unlikely. Because this is a new
procedure, however, I understand that it is not known whether cells could become abnormal

after long periods of time. In animal studies, I am told, there is no evidence to date that such

changes occur.

Moreover, I understand that VEGF is known to be made by tumors, presumably to

develop a blood supply that will allow the tumor to grow further. Although an extensive

examination will be performed to exclude the possibility of a previously unrecognized

cancerous growth, I understand that a microscopic growth could be present that might be

missed by this battery of screening tests, and it is possible that the VEGF which will be made
by the DNA which I will receive could possibly promote the development of a tumor that is

currently too small to be recognized.

d. it is also possible that VEGF may aggravate deteriorating eyesight due to diabetes

mellitus, although I understand that my eyes will be checked for evidence of this problem
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before receiving gene therapy, and that if this exam or any blood tests suggest that I have
diabetes, I will not be considered for this protocol. I understand, however, that even if my
diabetes is currently under good control, with or without insulin, and that even if my eye exam
shows no evidence of disease, there is still a possibility that VEGF could cause worsening of

my eyesight.

4. A general description of the potential benefits include:

Participation in this study may not result in any direct benefit to me. It is hoped that VEGF
gene therapy will heal my ulcer and/or relieve the pain in my leg. It is not possible to predict

or guarantee a positive response to this treatment

I will be watched very closely for signs or symptoms of any side effects. In addition, my
physician and/or his/her associates will provide wound care for my ulcers at each visit. I

understand that I may be taken off of the study without my consent if it is in the best interest of

my health and welfare, or if the sponsor or investigator wishes to do so.

5. A fair disclosure of appropriate alternative procedures of courses of treatment, if any, that

would be advantageous. These alternative procedures include the following:

Vascular surgery and/or percutaneous peripheral angioplasty are generally potential

alternative modes of therapy for patients with my vascular problem (blocked leg arteries);

however, I understand that I am being considered a candidate for this highly investigational and

unproven therapy (VEGF gene therapy) because the extent of blockages in my leg arteries

makes angioplasty and surgery unlikely to be successful. I further understand that the protein

itself (VEGF) is not currently approved or available for human therapy. It is possible, though

not certain, that some form of amputation might be required in my case as an "alternative

procedure"; my vascular doctors, however, have emphasized to me that even gene therapy does

not guarantee that I will avoid an amputation.

6. I understand that I may contact the Principal Investigator, Dr. Jeffrey M. Isner, at

(617)789-2392 in regard to any pertinent questions about the project.

Additional considerations: in light of the highly investigational nature of this protocol,

my vascular doctors have discussed with me several additional issues indicated below:

a. Consent for autopsy

:

In the event of my death, permission for an autopsy

examination will be requested in order for my doctors to gain a fuller understanding of the

consequences of gene therapy. I have been told that in the event of my death, they will seek

permission to perform the autopsy from my relatives, and I have been asked to discuss this with

my closest relatives upon entering into this study.

b. Confidentiality: I understand that despite the attention from the media that may result

from my participation in this protocol, my doctors will make every attempt to keep my
participation private unless explicitly approved by me otherwise. I understand, however, that

inadvertent disclosure of my name may occur despite the best efforts of my physicians. In this

regard, I further understand that my medical records must be made available, upon request, to the
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Food and Drug Administration under guidelines established by the Federal Privacy Act.

Similarly, qualified representatives of the National Institutes of Health may also review my
medical records.

c. Compensation: I understand that I will not be paid to participate in this study.

d. Patient Charges : I understand that clinic visits, laboratory tests, non-invasive

vascular testing, x-rays, scans, angiograms, catheteterization procedures, professional charges

and hospital room charges will not be free. I have been told, however, that items which relate to

this research protocol and which are not covered by insurance will be covered by research grants.

This includes the costs of long-term follow-up. The cost of tests and treatments unrelated to this

study will be handled as usual and will depend upon my insurance coverage. It has been
suggested to me that if I do not have insurance or if there are questions regarding my insurance

coverage, these may be addressed in discussions with my vascular doctors and their assistants

prior to embarking upon this study. In no case, however, will my participation in the study be

refused because of my inability to pay. In the case of research-related injury, medical costs will

be assumed by St. Elizabeth's Medical Center; the Medical Center, however, will not be

responsible for compensation for time lost from work or similar types ofcompensatory
reimbursement.

e. Withdrawalfrom the study

:

I understand that I am free to withdraw from this study at

any time and have been told that it will in no way affect the efforts of my vascular doctors to

continue to apply their best efforts to treat me with conventional means. Medical consequences
of withdrawal may - but do not necessarily include - persistence of rest pain and/or ischemic

ulcers.

f. Surgical or non-surgical (angioplasty) intervention: I understand that this consent

form does not apply to any surgical or non-surgical (angioplasty) procedures unless explicity

described in this protocol.

g. Long-term follow-up

:

I understand that I am expected to cooperate in long-term

(indefinite) follow-up that extends beyond the active phase of the study. During the follow-up

period I may contact Dr. Isner (617-789-2392); Dr. Rosenfield (617-789-5027); Ms. Pieczek

(617-789-3043); or the on-call Cardiology Attending Physician at St. Elizabeth's Medical Center

(617-789-3000). I will continue to provide to the St. Elizabeth's vascular doctors my current

address and telephone number.

I understand clearly that I am free to withdraw my consent and to discontinue participation in the

activity at any time without penalty or loss of benefits to which I am otherwise entitled.

I have been told that any significant findings resulting from the study will be made known in a

timely manner to me or my family. This includes new information about the experimental

procedure, the harms and benefits experienced by other individuals involved in the study, and

any long-term effects observed.
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I fully understand the nature and scope of this research activity and have been given sufficient

opportunity to consider my participation. I have been given the opportunity to ask questions

which have been answered to my satisfaction.

I voluntarily sign this form with a full understanding of the nature of this activity, including but

in no way limited to the potential results.

I hereby consent to my medical records relating to this research being made available to state and
federal agencies which regulate medical research, including this experiment.

Upon request, I or my representative will receive a copy of this consent form.

I understand that the Research/Human Subjects Committee of St. Elizabeth's Medical Center has

approved the solicitation of subjects to participate in this research.

Witness Participant/Parent/Guardian

I hereby certify that on this date a copy of this Consent Form has been provided to the above
named Participant/Parent/Guardian

PRINCIPAL INVESTIGATOR’S STATEMENT:
I have fully explained to

Participant

the nature and purpose of the above described procedure and the risks that are involved in its

performance. I have answered all questions to the best of my ability.

Any new unforeseen information relevant to the patient which may develop during the course of

the research will be provided to the participant and the Research/Human Subjects Committee.

Date

Date Principal Investigator or Representative

Witness

Principal Investigator or Representative

Date Witness

[
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Scientific Abstract

Scientific Abstract

Primary CNS malignancies are responsible for approximately 12,000 deaths annually

in the United States. There has been little change in the outcome for adults with

malignant brain tumors over the past few decades, despite improvements in surgical

techniques and advances in radiation therapy. These tumors are uniformly fatal one to

two years after diagnosis. The morbidity and mortality of this disease arises from the

effects of a locally invasive, non-metastasizing lesion. The patients may suffer from
seizures, paralysis, incoordination, aphasia, confusion, memory loss, sensory deficits

or visual loss, depending on the regions of the brain affected. In addition, they usually

require large doses of corticosteroids early and late in their illness, and may experience

disabling side effects of this treatment, such as edema, proximal myopathy, diabetes,

fungal infections or deep vein thrombosis. Few patients in the older age group are able

to work after the diagnosis. Most of the patients are incapable of self-care for several

months before death. The localized transfer of new genes into cancer cells potentially

permits the expression of proteins with specific biologic functions that may provide a
means to alter the biology of tumor growth through a variety of mechanisms including

increasing tumor immunogenicity, inducing the local expression of toxic agents, and
sensitization of tumors to chemotherapeutic agents. Gene therapy with the transfer of

the drug susceptibility gene Herpes virus thymidine kinase (HSV-TK) has shown
promise in a number of animal models, including CNS tumors. This study will evaluate

the use of adenovirus-mediated transfer of the HSV-TK gene into primary human brain

tumors followed by systemic treatment with ganciclovir. The goals of this phase I study

is to evaluate the overall safety and efficacy of this treatment and to gain insight into the

parameters that may limit the general applicability of this approach. In this phase I

study, patients with recurrent gliomas will receive stereotactic-guided injections of the

virus into the brain tumor, followed by intravenous ganciclovir for 14 days. Patients

eligible to undergo a palliative debulking procedure will receive the same treatment

followed by resection on day 7. At the time of resection a second dose of virus will be
administered intra-operatively into the residual, unresectable portion of the tumor, and
intravenous ganciclovir will be continued for additional 14 days. Tissue removed at the

time of resection will be analyzed for evidence of adenovirus infection, thymidine kinase

expression and signs of inflammation. The size and metabolic activity of all tumors will

be followed by volumetric MRI scans and Positron Emission Tomography Scans,

respectively. Patients will be enrolled in groups of three, with each group receiving

successively larger doses of adenovirus. This study will quantify the toxicity of this

therapy, and provide evidence as to the duration of transgene expression and virus

induced inflammation.
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Non-Technical Abstract

Non-Technical Abstract

Tumors arising in the brain are responsible for approximately 12,000 deaths annually

in the United States. There has been little change in the outcome for adults with

malignant brain tumors over the past few decades, despite improvements in surgical

techniques and advances in radiation therapy. These tumors are uniformly fatal one to

two years after diagnosis. The disease is devastating, due to its debilitating neurologic

consequences and rapid termination in death. The patients often suffer from seizures,

paralysis, incoordination, aphasia, confusion, memory loss, sensory deficits or visual

loss, depending on the regions of the brain affected. In addition, they usually require

large doses of corticosteroids early and late in their illness, and may experience

disabling side effects of this treatment, such as edema, proximal myopathy, diabetes,

fungal infections or deep vein thrombosis. Few patients in the older age group are able

to work after the diagnosis. Most of the patients are incapable of self-care for several

months before death. While there is some variation in the course of the disease with the

type of brain tumor, no one survives glioblastomas and only a few patients are long-

term survivors of anaplastic astrocytoma. Conventional brain tumor therapies are not

successful because they do not distinguish tumor cells from normal cells. Creation of

"artificial" differences in biochemical behavior of the tumor cells is an attractive

option. This proposal seeks to make brain tumor cells sensitive to the drug ganciclovir.

This will be achieved by directly injecting a virus which carries a gene for Herpes virus

thymidine kinase. This gene when activated in the tumor cell will convert the relatively

non-toxic drug ganciclovir to a toxic form and subsequently kill the tumor cell. In this

phase I study, patients with recurrent brain tumors will receive injections of the virus

into the bram tumor, followed by intravenous ganciclovir for 14 days. Patients eligible

to undergo a palliative debulking procedure will receive the same treatment followed by

resection on day 7. At the time of resection a second dose of virus will be administered

intra-operatively into the residual, unresectable portion of the tumor, and intravenous

ganciclovir will be continued for additional 14 days. Patients will be enrolled in groups

of three, with each group receiving successively larger doses of adenovirus. This study

will determine the toxicity of this therapy, provide evidence as to what portion of the

tumor expresses the new gene, and determine the extent of virus induced injury.
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I Abstracts
I.B. Scientific Abstract

Primary CNS malignancies are responsible for approximately 12,000 deaths annually in the United

States. There has been little change in the outcome for adults with malignant brain tumors over the past

few decades, despite improvements in surgical techniques and advances in radiation therapy. These
tumors are uniformly fatal one to two years after diagnosis. The morbidity and mortality of this disease

arises from the effects of a locally invasive, non-metastasizing lesion. The patients may suffer from

seizures, paralysis, incoordination, aphasia, confusion, memory loss, sensory deficits or visual loss,

depending on the regions of the brain affected. In addition, they usually require large doses of

corticosteroids early and late in their illness, and may experience disabling side effects of this

treatment, such as edema, proximal myopathy, diabetes, fungal infections or deep vein thrombosis. Few
patients in the older age group are able to work after the diagnosis. Most of the patients are incapable of

self-care for several months before death. The localized transfer of new genes into cancer cells

potentially permits the expression of proteins with specific biologic functions that may provide a means
to alter the biology of tumor growth through a variety of mechanisms including increasing tumor
immunogenicity, inducing the local expression of toxic agents, and sensitization of tumors to

chemotherapeutic agents. Gene therapy with the transfer of the drug susceptibility gene Herpes virus

thymidine kinase (HSV-TK) has shown promise in a number of animal models, including CNS tumors.

This study will evaluate the use of adenovirus-mediated transfer of the HSV-TK gene into primary

human brain tumors followed by systemic treatment with ganciclovir. The goals of this phase I study is

to evaluate the overall safety and efficacy of this treatment and to gain insight into the parameters that

may limit the general applicability of this approach. In this phase I study, patients with recurrent

gliomas will receive stereotactic-guided injections of the virus into the brain tumor, followed by

intravenous ganciclovir for 14 days. Patients eligible to undergo a palliative debulking procedure will

receive the same treatment followed by resection on day 7. At the time of resection a second dose of

virus will be administered intra-operatively into the residual, unresectable portion of the tumor, and
intravenous ganciclovir will be continued for additional 14 days. Tissue removed at the time of

resection will be analyzed for evidence of adenovirus infection, thymidine kinase expression and signs of

inflammation. The size and metabolic activity of all tumors will be followed by volumetric MRI scans

and Positron Emission Tomography Scans, respectively. Patients will be enrolled in groups of three,

with each group receiving successively larger doses of adenovirus. This study will quantify the toxicity

of this therapy, and provide evidence as to the duration of transgene expression and virus induced

inflammation.

I.B. Non-Technlcal Abstract
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Tumors arising in the brain are responsible for approximately 12,000 deaths annually in the United

States. There has been little change in the outcome for adults with malignant brain tumors over the past

few decades, despite improvements in surgical techniques and advances in radiation therapy. These
tumors are uniformly fatal one to two years after diagnosis. The disease is devastating, due to its

debilitating neurologic consequences and rapid termination in death. The patients often suffer from

seizures, paralysis, incoordination, aphasia, confusion, memory loss, sensory deficits or visual loss,

depending on the regions of the brain affected. In addition, they usually require large doses of

corticosteroids early and late in their illness, and may experience disabling side effects of this

treatment, such as edema, proximal myopathy, diabetes, fungal infections or deep vein thrombosis. Few
patients in the older age group are able to work after the diagnosis. Most of the patients are incapable of

self-care for several months before death. While there is some variation in the course of the disease

with the type of brain tumor, no one survives glioblastomas and only a few patients are long-term

survivors of anaplastic astrocytoma. Conventional brain tumor therapies are not successful because
they do not distinguish tumor cells from normal cells. Creation of "artificial* differences in

biochemical behavior of the tumor cells is an attractive option. This proposal seeks to make brain

tumor cells sensitive to the drug ganciclovir. This will be achieved by directly injecting a virus which

carries a gene for Herpes virus thymidine kinase. This gene when activated in the tumor cell will

convert the relatively non-toxic drug ganciclovir to a toxic form and subsequently kill the tumor cell.

In this phase I study, patients with recurrent brain tumors will receive injections of the virus into the

brain tumor, followed by intravenous ganciclovir for 14 days. Patients eligible to undergo a palliative

debulking procedure will receive the same treatment followed by resection on day 7. At the time of

resection a second dose of virus will be administered intra-operatively into the residual, unresectable

portion of the tu/nor, and intravenous ganciclovir will be continued for additional 14 days. Patients will

be enrolled in groups of three, with each group receiving successively larger doses of adenovirus. This

study will determine the toxicity of this therapy, provide evidence as to what portion of the tumor
expresses the new gene, and determine the extent of virus induced injury.

II. Background
II.A. Clinical Aspects of Malignant Brain Tumors

Malignant brain tumors are diagnosed in approximately 8,000 adults Americans yearly, and account for

about 2.5 percent of deaths from cancer [1]. In adults, the primary brain tumors are most often

malignant gliomas. There are some less common types of primary malignant tumors, such as

lymphomas or sarcomas, as well as benign tumors such as meningiomas. The gliomas are classified as

astrocytoma (generally benign, usually found in children), anaplastic astrocytoma, and glioblastoma

multiforme. Occasionally, mixed tumors of intermediate grade are seen, such as the oligodendroglioma

with anaplastic astrocytoma. The cell of origin for these malignancies is the astrocyte, a supporting cell

in the brain. Therefore, the tumors arise in white matter, and can be found in any location, although

about 90 percent are in the cerebrum. The gliomas spread locally, compressing and infiltrating normal

brain. Growth into ventricles or meninges is uncommon, and metastases via blood stream or lymphatics

is extremely rare[2j. Frontal lobe tumors may cross to the opposite side of the brain through the

corpus callosum. However, the spread is contiguous and multifocal disease is not often seen. Autopsy

studies show that the tumors usually remain localized throughout their course [3, 4]. After surgery or

radiation therapy, the recurrences are close to the original tumor bed.

The population affected by gliomas consists of all ages and races, and there is only a slight male

predominance. Most of the patients are older than 50 years [5]. In the younger age group, anaplastic

astrocytomas are more common, but in patients over age 50, most of the tumors are glioblastoma.

There is no known cause or means of prevention. The disease is devastating, due to its debilitating

neurologic consequences and rapid termination in death. No one survives glioblastoma; only a few

patients are long-term survivors of anaplastic astrocytoma. The patients may suffer from seizures,

paralysis, incoordination, aphasia, confusion, memory loss, sensory deficits or visual loss, depending

on the regions of the brain affected. In addition, they usually require large doses of corticosteroids early

and late in their illness, and may experience disabling side effects of this treatment, such as edema,
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proximal myopathy, diabetes, fungal infections or deep vein thrombosis. Few patients in the older age
group are able to work after the diagnosis. Most of the patients are incapable of self-care for several

months before death. The survival depends on the histologic type of the tumor, as well as the location in

the brain and the functional ability of the patient (measured as the Karnofsky performance status). The
median survival varies from 58 months for those with anaplastic astrocytoma who are less than 50
years old with normal mental status, to 18 months for those with glioblastoma less than 50 years old

and normal Karnofsky status, to 9 months for those with glioblastoma older than 50 years and fairly

good Karnofsky status. Unfortunately, the majority of patients fall into the last group, so that the

median survival for all adults with malignant gliomas is 9-12 months [6, 7].

As can be surmised from the survival data, treatment for this disease is largely ineffective. Surgery

and radiation therapy are the primary modalities of treatment, but certain characteristics of the glioma

render them quite resistant to cure. Surgical resection is a goal in treatment of any localized

malignancy. Indeed, these tumors are often small compared to cancers elsewhere in the body (less than

5 cm in diameter at diagnosis), but they cannot be completely removed for several reasons: they lack a

defined capsule or edge, they infiltrate into normal-appearing brain, and they may be located within or

adjacent to critical brain regions which cannot be removed without permanently disabling the patient.

Therefore, partial resection is performed in most cases. In some patients only a biopsy can be done
safely due to the site of the tumor (Broca's area or the thalamus). Surgery is safer since the wide-

spread use of corticosteroids, Mannitol, and intra-cranial pressure monitoring; and laser technique and
ultrasound localization improve the outcome. It is generally believed that partial resection is

beneficial, in that it creates some space into which the residual tumor can grow before causing pressure

symptoms. Patients who are able to undergo resection appear to live longer than those whose tumors are

only biopsied. Second and third resections are occasionally performed for recurrent tumors in patients

with good performance status.

Radiation therapy is applied to all patients with malignant glioma, except when the neurologic condition

is too poor to permit it. The tumors do show response to radiation in many cases, but high doses are

necessary to achieve control. The normal brain around the tumor can generally tolerate no more than

60 cGy which is a dose below the curative level for glioma. Therefore, a number of techniques have been
devised to maximize the tumor dose. Hyperfractionation allows the therapist to deliver higher tumor

doses by taking advantage of the ability of normal brain tissue to repair sub-lethal radiation damage.
However, there is little evidence that hyperfractionated radiation therapy results in longer survival,

despite many trials [7]. Radiation-sensitizing drugs such as Misonidazole and BUdR have been used,

with little improvement [7]. Interstitial radiation with or without hyperthermia permits the delivery

of very high doses directly into the tumor and spares much of the normal brain. This technique does
seem to result in better survival, and even in the eradication of gliomas in some cases. However, it

results in radiation necrosis of brain in about half the patients, necessitating another operation [8].

This technique is applicable to only about 1/3 of patients, since the tumor must be in an anatomically

accessible location.

Other approaches to glioma treatment have included chemotherapy, either as an adjuvant to radiation

[9], or at the time of relapse [10], and immunotherapy, with interferons [11], intra-tumor LAK cell

instillation [12], radio-labeled monoclonal antibodies or other techniques [13]. None of these methods

is curative. Adjuvant chemotherapy is helpful in a minority of patients, but probably does prolong

median survival at least for anaplastic astrocytoma. For the bulk of patients (mostly glioblastoma)

adjuvant chemotherapy increases median survival only from 9.4 months to 12 months [14].

At the time of relapse or recurrence of the tumor, the patient's survival is rarely more than six

months. If the patient's performance status and the site of the tumor permit it, a second resection is

usually performed. Chemotherapy given at the time of relapse controls the tumor or provides a

remission in only about 30 percent of patients. The poor results from chemotherapy may be partly due

to the inability of most chemotherapy drugs to cross the intact blood-brain barrier at the edges of the

tumor [15]. Areas of necrosis and areas with poor blood supply within the tumor are less accessible to
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chemotherapy. Additionally, the tremendous heterogeneity of these tumors results in chemotherapy
resistance in many of the cells. Attempts have been made to improve delivery of chemotherapy into

brain tumors by giving the drugs directly into the carotid artery, by temporarily opening the blood
brain barrier with hypertonic agents such as Mannitol [16], and by implantation of chemotherapy
containing polymers directly into the brain tumors [17]. There have been significant complications of

some of these methods, without consistent improvement in outcome. High dose chemotherapy with bone
marrow rescue has also been utilized, but again the toxicity has been high and the results poor [18].

In summary, despite a large body of clinical research in the treatment of malignant gliomas, there has

been little overall improvement in the outcome for these patients.

II.B Preclinical Studies
II.B.1 The Use of HSV TK with Ganciclovir In Cancer Models

The failure of conventional brain tumor therapies stems from their inability to functionally distinguish

neoplastic from normal cells. Despite considerable efforts, tumor specific molecular attributes that are

suitable therapeutic targets have not been identified. Creation of "artificial" differences in biochemical

function is an attractive option [19]. Insertion of the herpes simplex thymidine kinase (HSV-TK) gene
into malignant cells in conjunction with the systemic administration of gancyclovir (GCV) has become a

prototypic gene therapy system for the selective destruction of cancer cells [19], This section provides

a general overview of the background experiments that have used HSV-TK as a "suicide gene" to

selectively target cancer cells in experimental systems.

Many investigators have shown that the expression of the HSV-TK gene confers a negative selectable

phenotype to cancer cells in vitro. Moolton [19] demonstrated acquired GCV sensitivity in a murine

sarcoma cell line transduced with a retroviral vector that produces HSV-TK. The transduced sarcoma
tumor cells were 200-1000 times more sensitive to GCV than control tumor cells. This finding has
been reproduced in several rodent and human cancer model systems including lung cancer [20],

mesothelioma [21, 22], hepatocellular carcinoma [23] ,
leukemia[24], melanoma [25] and CNS

tumors [26-32] models. The efficacy of this approach varies significantly [24] and may be due to a

variety of factors including promoter function, target cells studied, and efficiency of transduction.

Retroviral vectors were employed for much of the early experiments with HSV-TK. Several

modifications have been introduced to overcome the difficulty of producing high titer retroviruses.

Takamiya et. al. [31] demonstrated that rat glioma cells co-infected with a retroviral TK vector and a

wild-type (replication competent) vector were 300 fold more sensitive to the the toxic effect of GCV,
than those cells infected with TK vector alone. The co-infection permits the continued production of TK
bearing virus and thus infection of neighboring tumor cells not transfected by the initial inoculation.

This process in effect creates a retrovirus packaging cell line within the tumor. Takamiya et. al. [31]

subsequently improved upon this system by introducing a murine retrovirus packaging cell line

directly into the tumor[30]. This approach has been studied in other CNS tumor models [29], in

experimental hepatic metastases [23], and has become the basis of an ongoing clinical trials for the

treatment of brain tumors.

More recently, adenovirus vectors have been used for gene therapy of brain tumors. Chen et. al. [32]

demonstrated regression of experimental gliomas following in vivo adenovirus-mediated gene transfer

and GCV treatment. The tumor deposits were not completely eliminated by this treatment, however.

Tumor cells close to the injection site were more readily transduced than those distant, as judged by

parallel marker gene transfer experiments. Furthermore, these more distant cells escaped GCV toxicity

because of a diminished bystander effect attributed to a paucity of gap junctions in the rodent brain

tumor cell line employed [32]. This can be potentially over come in the clinical setting by more precise

stereotactic treatment planning (aided by MRI and PET studies), and by multiple tumor injections.
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The tumoricidal activity of the HSV-TK/GCV system is due to several factors. In dividing cells, the

phosphorylated GCV inhibits DNA synthesis. This effect is not confined to cells that are directly

transduced with HSV-TK, as neighboring cells are also affected. This phenomenon, which likely occurs
as a result of several mechanisms, has been termed the “bystander effect" and has been observed in

several tumor types including CNS tumors. Transfer of the phosphorylated GCV between cells,

(“metabolic cooperation') via gap juctions has been proposed as a possible mechanism. Phagocytosis by
neighboring cells of GCV phosphate containing apopotic vesicles (from dying transduced cells) has also

been proposed [33], Immune-mediated processes may also account for significant killing of non-
transduced cells. In one report [28], anti-tumor immunity was observed following TK mediated killing

of experimental brain tumors. This protective immunity led to eradication of subsequent tumor cell

inoculi when the animal was rechallenged at a remote site [28]. Whether the tumor immunity is TK
dependent, or merely a manifestation of inherent tumor cell immunogenicity, has yet to be establihed in

this rodent model.

These important findings have served to point out the limitation of this approach. Golumbek et. al. [25]

demonstrated that HSV-TK was unable to completely eliminate non-immunogeniec tumor cells even

when 100% of the introduced cells exhibited TK expression. They observed a delayed outgrowth of TK+

tumor cells occurring many days after cessation of GCV. These cells were likely in Go arrest during the

interval of GCV therapy and thus were able to escape the toxic effects of GCV metabolites. Alternatively,

they were sequestered in an area of poor GCV penetration and thus received sublethal doses of the drug.

II. B.2 Toxicity of Ganciclovir

Ganciclovir is a synthetic nucleoside analog which is approved for the treatment of CMV retinitis in

patients with acquired immunodeficiency syndrome and for the prevention of CMV infection in bone
marrow transplant recipients. In addition, it is used to treat CMV infections in transplant patients.

Extensive clinical experience exists in the use of this drug. It is distrubes widely to all tissues

including the CSF and brain parenchyma (see Appendix VI.A, Page 24). Ganciclovir has been shown to

exhibit several toxic side effects in humans. Mammalian cell proliferation (in particular bone marrow)
is affected (in vitro) at high concentrations (10 to 60 mg/ml). Granulocytopenia and thrombocytopenia

have been observed in patients treated with ganciclovir. Renal impairment has been attributed to

ganciclovir, especially when used in combination with other nephrotoxic drugs. Seizures have been
observed when this drug was administered in combination with imipenem-cilastatin. It has been shown
to be carcinogenic, teratogenic and caused aspermatogenesis in animal studies. Headache and confusion

have been observed in transplant patients at frequencies of 17% and 6%, respectively. Other frequent

adverse effects include anemia, fever, rash and abnormal liver function tests. Each of these occurred in

approximately 2% of patients.

II. B. 3 The Clinical Spectrum of Wild-Type Adenovirus Infections of the CNS

Adenovirus CNS infection is sporatic and uncommon, although its true incidence can not be estimated

from case reports. Undoubtedly many cases are neither diagnosed (aseptic meningitis) nor reported.

From the reports available adenovirus meningoencephalitis is usually self-limited and the clinical

outcomes governed by the the presence of underlying disease in the affected patients. We anticipate that

the use of a replication defective adenovirus will substantially limit the spead of the virus and attentuate

the pathologic consequences. This will be established more definatively in our ongoing toxicity studies.

A brief summary of clinical reports of wild-type adenovirus infections of the CNS is provided in

Appendix VI. E, page 33.

II. B. 4 Experimental Wild-Type Adenovirus Infections of the CNS In Primates.

In the course of developing an adenoviral vaccine the CNS toxicity of wild-type adenovirus strains were

studied. Rorke and colleagues [34, 35] systematically studied the neurovirulence of several adenovirus
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serotypes (1, 2, 3, 4, 5, 7, 14, and 21) following direct injection of the virus into the CNS of rhesus

monkeys. Focal injection of the virus into the CNS (up to 0.5 ml in to each thalamus, and up to 107

TCIDso/ml) elicited a spectrum of responses depending on the serotype of the virus. They demonstrated

that, independant of serotype, viral antigen could be detected in the ependyma, choroid plexus and
leptomeninges within 72 hours of injection into the thalmus [34]. This indicates that the wild-type

virus is potentially capable of spreading within the substance of the brain. These experiments were
done without the use of a stereotactic device (personal communication from Dr. Lucy Rorke, University

of Pennsylvania) and that the localization of the injection site was confirmed retrospectively by the

finding of an injection site granuloma at necropsy. Animals injected with various serotypes were
observed for eighteen days and then necropsied. The histologic findings ranged from no significant

pathologic findings to lymphocytic infiltration of the leptomeninges and choroid plexus, with

ependymitis and focal neuronal destruction. Interestingly, this resulted in no overt symptoms of CNS
disease. The authors note that "clinical observation disclosed no signs or symptoms among the monkeys
with evidence of inflammatory lesions that distinguished them from those without such lesions" [34],

Serotype 5 adenovirus produced lesions of mild to moderate intensity. The results were very consistent *
within each serotype and appeared to be "an all-or-none phenomenon"[34]. CNS virus titers decline

over a 21 day period, suggesting that viral infection is a self limited process. Furthermore,

intranuclear inclusion bodies that are typically associated with adenoviral infections in permissive

tissues are specifically absent in CNS. This finding is consistent with the relative lack of CNS tropism

of adenovirus [34].

II. B.5 Recombinant Adenovirus-Mediated Gene Transfer in Murine CNS

Adenovirus-mediated gene transfer, unlike retrovirus gene transfer, has the potential advantage of

transducing non-dividing cells. Brain tumor cells are heterogeneous with respect to the fraction in

active cell cycle, yet this is unlikely to alter their transducability. Those cells undergoing gene
transfer while in G0 will be rendered sensitive to GCV provided it is given over a long enough period of

time and that transgene expression persists over this period. We and other authors [36-39] have

demonstrated the effectiveness of adenovirus vectors in the CNS. Direct injection of adenovirus into the

brain parenchyma results in efficient gene transfer followed by gradual decline in transgene expression

[39], but could be detected up to 30 days post injection [36].

Preliminary data suggest that significant replication and distant spread of the virus does not take place.

The liver or spleen are readily transduced by intravenously administered adenovirus. However, when
Davidson et. al. [39] injected recombinant adenovirus in the brains of rats, they were unable to identify

virus in the liver or spleen (by X-gal staining). In addition, they were unable to isolate the virus from

retro-orbital venous blood samples which drained the injected area. Local toxicity at the site of

injection was observed. This was probably secondary to a reactive gliosis from the injection itself

[34] (seen in sham injected control) and cytopathic effects in the neuronal cells exposed to a very high

multiplicity of infection along the injection tract [37].

II. B. 6 Adenovirus-Mediated Gene Transfer In Non-Human Primate CNS

As part of an investigation of hypoxanthine phosphoribosyl transferase (HPRT) gene therapy for the

treatment of Lesch-Nyhan Syndrome, Davidson and colleagues have used adenovirus vectors to deliver

the HPRT gene into the CNS of non-human primates [40]. This work was performed within the gene

therapy program at the University of Michigan when Dr. Wilson was directing this effort. The

information obtained on adenovirus vector CNS toxicity is relevant to the current study. The

preliminary experiments in rhesus monkeys (Macaca mulatta) are described in Appendix VLB, page 26.

In these studies adenovirus H5.010RSVrhprt (Ad.RSVrHPRT) was injected (200pJ) into the CNS of

rhesus monkeys at concentrations ranging from 109 particles/ml to 1.6x 10 11 particles/ml. There

were no immediate postoperative complications and there were no signs of cerebritis, meningitis, or

encephalitis. The animals groomed and fed normally and there were no obvious signs of impaired
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neurologic function. One animal was euthanized after one week (monkey #1). Lymphocytes and foamy
macrophages were found within the injected areas, and the numbers decreased with increasing distance

from the injection site. This is consistent with a localized area of inflammation. Monkey #2 was
treated in the same manner as monkey #1 but was clinically followed. He remained well, and MRI and
PET scans after one month revealed no abnormalities. In vitro tests of peripheral blood lymphocytes

showed no evidence of a increased T cell response to adenovirus infected fibroblasts. Of the two other

monkeys studied, both remain clinically well. One monkey #4, developed MRI changes at the injection

site consistent with localized edema. This finding persisted for greater than one without an increase or

decrease in size. Monkey #3 that was similarly treated at a lower dose developed no MRI changes over

the same time period.

These studies suggest that recombinant adenovirus administered into the CNS of primates produces a

localized dose dependent inflammatory response which is clinically inapparent. These studies suggest

that the toxicity of intracranial adenovirus administration will not be of a magnitude that precludes its

use in humans.

II. B. 7 Adenovirus-Mediated TK Gene Transfer In Rats with CNS Tumors

Intracerebral gliomas were induced by injection of 105 9L gliosarcoma cells (5 pi) in the forebrain of

Fischer rats. The location and size of the tumor was determined by MRI imaging on approximately day

16 post implantation. Using the MRI scan information, the glioma mass was injected with

H5.010RSVTK'. Treatment with ganciclovir (15mg/kg) was initiated 24 hours post virus injection and

was repeated twice daily thereafter. The growth of the untreated glioma has been previously shown to be

exponential over the entire growth period (B. Kim and B. L. Davidson, unpublished data). The tumor

doubling time was determined before H5.010RSV7X administration and GCV treatment and is shown in

Table I. Marked growth retardation during the treatment period was observed. All of the rats treated

with Ad.RSVIacZ and GCV succumbed to their tumors by day 28. In contrast, the rats treated with

HS.OIORSVTK and GCV, showed a significant delayed in mortality, with 2/8 of the rats surviving to day

40.

rat # Tdfhrsl pre- Td fhrsl Dost-

Volume (mm3 )

pre-treatment

1 44 964 1 25
2 59 276 1 00
3 5 1 206 1 50
4 59 • 1 28
5 43 213 200
6 37 140 200

Table I. Tumor doubling time (Td) before and after H5.010RSV7X/GCV treatment

II.B.8 Adenovirus-Mediated TK Gene Transfer In a Human Brain Tumor
Xenograft Animal Model.

In Vitro Studies: We have conducted a survey of primary human brain tumor cell lines, each of which is

tumorigenic in athymic mice or rats. Human glioma cell lines included U251, U87, U373, WF, JHG31,

and JHG10, and A172. Medulloblastoma cell lines included D324, D425, D283, and CHOP 707. All cell

lines are continuous (i.e. passaged >70 x) and are well-characterized. Adenovirus transduction

efficiency was evaluated by in vitro transfection of glioma or medulloblastoma cells with an adenovirus

vector containing the p-galactosidase reporter gene (H5.010CMV/acZ). At infection ratios of 10 viral

particle per cell, 48-70% of cells demonstrated nuclear staining. At higher infection ratios, 100
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particles/cell, 100% of cells expressed p-galactosidase. No difference in vector transduction
effeciency was detected between glioma and medulloblastoma cell lines.

The cytotoxicity of H5.010RSVr/C adenovirus-transduced cells to GCV was evaluated by a clonogenic
assay or MTT assay. LD50 values for GCV in the 4 medulloblastoma cell lines ranged from 5.5 - 16 nM.
In contrast, cells transduced with a control adenovirus (H5.010CMV/acZ adenovirus) had LD50 values

of 270-310 nM. Glioma cell lines ranged in sensitivity from 10 - 78 nM. One cell line (G10) had a

mean LD50 value of 200 nM, probably reflecting the long doubling time (96 hrs) and low growth
fraction of this tumor. A bystander effect to GCV was demonstrated in selected medulloblastoma (D324)

and glioma (U251) cell lines. Cytotoxicity to bystander cells was maintained below a 20:1 ratio of

uninfected to infected cells. Cell contact was not essential for the bystander effect as demonstrated by

the cytotoxic effects of filtered conditioned media on non-transfected medulloblastoma cells.

Flank xenograft experiments were performed with human brain tumor cell lines in nude mice. The mice

were injected with 50 pi of D324 medulloblastoma or U251 glioma tumor homogenate in the right flank

on day 1 and the size of the tumor was measured daily. When the median tumor volume reached 0.4 cm3

the tumors were injected with H5.010RSV77C adenovirus. In addition, one group of nude rats bearing

medulloblastoma flank xenografts was allowed to grow until the median tumor volume reached 0.8 mm3
prior to HS.OIORSVTX adenovirus injection. Anesthetized mice were injected slowly over 15 minutes

with 1 x 10 10 H5.010RSVT/C viral particles in a 100 pi volume. Seventy two hours after viral

injection, the mice were treated with 15 mg/kg gancyclovir intraperitoneally, twice daily for 14 days.

Control animals received an intratumoral saline injection (100 pi), followed 72-hours later by
gancyclovir at the same dose and schedule. Tumor size was measured twice weekly thereafter and tumor

volume was calculated as: volume = (width2 x length)/2. All glioma flank xenografts had complete
resolution of tumor within 50 days after the start of GCV (see figure 1).

U251 Glioma

DAYS

Figure 1. Tumor volume reduction for U251 glioma flank xenografts. All tumors were

injected with H5.010RSVTK adenovirus on day 24 and received twice daily GCV from day
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27-41. Tumor volumes are normalized to the volume at the time of H5.010RSVT/<
injection and expressed as the ratio of observed volume (Vo) an the specified day to

initial volume (Vi). Each line represents an individual animal. The dark line illustrates

the tumor course in the control animals

Medulloblastoma response to GCV was dependent on tumor size at initial treatment. Figure 2 illustrates

the response of D324 (DAOY) medulloblastoma to H5.010RSVTK' + GCV therapy in relatively small

tumors at initial treatment. All tumors demonstrated complete volume regression. No late tumor
recurrences were observed in this group. By contrast, relatively large tumors (i.e., median tumor

volume > 0.8 cm3
)
showed a significant growth delay but only 2 of 6 tumors demonstrated growth

reduction (figure 3).

DAOY MEDULLOBLASTOMA
TUMOR < 0.4 cm3

Figure 2. Tumor volume reduction for small DAOY medulloblastoma glioma flank

xenografts, carried out as described in figure 1

.
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DAOY MEDULLOBLASTOMA

DAYS

Figure 3. Tumor volume reduction for large DAOY medulloblastoma glioma flank

xenografts, carried out as described in figure 1.

Recombinant DNA Research, Volume 20 [361]



II. B.9 Recombinant Adenovirus Vectors In Human Gene Therapy Trials.

Recombinant adenovirues are being employed in gene therapy trials at several institutions. Human
clinical studies ar underway to determine their efficacy and safety in treating cystic fibrosis. From the

limited data available at this time, it appears that the vector itself is likely to induce some degree of

inflammatory response that is independant of the transgene employed. Zabner and colleagues [41]

observed mild inflammation in the nasal epithelium of patients treated by nasal application of an

Ad2.CFTR vector. This was thought to be secondary to procedure-related trauma as similar nasal

epithelial changes were seen in normal volunteers sham treated with saline rather than virus

containing solutions. Intrabronchial administration of Ad.CFTR has been noted to cause pulmonary

infiltrates in cystic fibrosis patients receiving greater than 109 pfu of virus (unpublished

observations, Ronald Crystal). These changes are similar to inflammatory lesions induced in non-

human primates in preclinical toxicity studies. Simon et. al. [42] noted the development of a

mononuclear cell inflammatory response in baboons who received 109 and 10 10 pfu/ml. While not

clinically apparent, this did result in radiographic changes on chest radiographs that were consistent

with the alveolar wall damage and intra-alveolar edema [42]. A detailed account of the University of

Pennsylvania Cystic Fibrosis Gene Therapy protocol is provided in Appendix VI.C, page 27.

III. Clinical Design
III. A Summary

Gene therapy with the transfer of the drug susceptibility gene Herpes virus thymidine kinase (HSV-TK)
has shown promise in a number of animal models, including CNS tumors. Given the extremely poor

prognosis of patient with recurrent brain tumors and the development of new gene transfer technology,

we wish to undertake a study of HSV-TK gene transfer for the treatment of adult patients with glioma.

This study will evaluate the use of adenovirus-mediated transfer of the HSV-TK gene into primary

human brain tumors followed by systemic treatment with ganciclovir. The goals of this phase I study is

to evaluate the overall safety and efficacy of this treatment and to gain insight into the parameters that

may limit the general applicability of this approach.

Adult patients with glioma that have recurred despite the standard dose of radiation therapy will be

considered for treatment if they: 1) present with tumor volumes less than 50 cm3 by MRI scan,

(tumors must not be adjacent to the chiasm or brainstem, and must not demonstrate subependymal
spread), 2) exhibit minimal cerebral edema by MRI scan, and 3) have a performance status of at least

70% by the Karnofsky scale. Eighteen patients will be entered into one of two phase I trials. Nine

patients with tumors amenoble to pallioline resection (Phase IA study group), and nine with surgically

unresectable lesions (Phase IB study group) will be sought (figure 4). Three patients from each group

will be treated at each of three virus dose levels. The adenovirus will be stereotactically injected into

multiple sites of the tumor. Two days later, GCV treatments will be initiated (intravenously, twice a

day). MRI scans will be performed on the day of stereotactic injection, and on days 2, 7, and 28. The day

2 MRI study will detect any post-procedure bleeding and will serve as a baseline for subsequent studies.

Minimal procedure induced inflammation is anticipated at this early time point. PET scans will be

performed preoperatively and on days 14 and 28. Seven days postoperatively, the patients in group IA

will again be taken to the operating room for tumor debulking. A second injection of virus into the tumor

bed will be performed introoperatively under direct visualization with a dose of virus equal to the

patient’s initial dose. GCV will be administered for another 14 days. Histologic and PCR studies will be

performed on the resected tissue to assess the amount of viable tumor, the presence of transgene

(HS Wtk) and HSMtk protein and the degree of lymphocytic infiltration. The patients in the inoperable

group (phase IB study group) will be treated for a total of 14 days with GCV, and then followed clinically

and by MRI and PET scans for evidence of tumor response or toxicity. The phase I studies will provide

information on the systemic toxicity associated with stereotactically and intraoperatively delivered

recombinant virus expressing thymidine kinase. Additionally, by examining the resected tissue
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specimens of those patients undergoing palliative resection following gene therapy, we will gain

valuable information concerning the duration of transgene expression and extent of tumor penetration

by adenovirus.

III.B Study Design
III.B.1 Patient Eligibilty

III.B.I.a Patient Selection

Eligible patients must be > 18 years old and have a histologic diagnosis of malignant glioma (anaplastic

astrocytoma or glioblastoma), which has recurred after primary treatment. The first treatment must
have included radiation therapy with or without chemotherapy. Radiation should have been completed at

least 2 months prior to this study. There must be MRI scan evidence of tumor growth after treatment.

Since treatment of glioma often induces brain edema or necrosis of brain, which may be difficult to

distinguish from tumor growth, it is required that the tumor area show enhancement on MRI and that

there be a clear increase in the enhancing area over a period of time. Positron emmission tomography
(PET scan) will be used to help differentiate recurrent tumor from radiation necrosis. These techniques

reflect metabolic activitiy in the brain, and generally demonstrate increased uptake of radionuclide in

malignant tumor but decreased uptake in necrotic lesions. The aforementioned requirements should

ensure that the patients selected for this study have recurrent disease despite standard therapy. Such
patients have a median survival of 6 to 12 months, depending on their age and performance status.

Therefore, this is an appropriate group for experimental therapy.

The other eligibility requirements will help to select patients who can tolerate the proposed protocol

with minimal concerns regarding safety. The patients must have no serious uncontrolled medical

problems (such as infections, diabetes, angina, congestive heart failure). They must have a Karnofsky

performance status of 70% or greater, meaning that they are independent in self care. Their MRI scan

must show a tumor size of < 50cm3 and no herniation or marked midline shift, so that they can
undergo neurosurgery and injection of fluid into the brain. Solitary tumors are preferred. However, if

the patient has multifocal glioma, the largest tumor must be in an area which can be surgically

accessible for debulking. (Multifocal gliomas will offer an interesting opportunity to test the

hypothesis that viral injection into one area of the brain will result in a "bystander effect "in distant

regions.) The tumor for injection must not be adjacent to the optic chiasm or brain stem and must not

be associated with subependymal spread. Patients will be recruited from all races and both genders will

be equally represented.

Laboratory evaluations prior to entry will include routine hematology, coagulation profile, chemistry

test, chest x-ray, and EKG, all of which should be within normal limits. Mild abnormalities of liver

function tests (less than 2 times the upper limit of normal) will be acceptable if patients are taking

anticonvulsants which often cause these aberrations. A pregnancy test will be required in women of

child bearing potential and such patients will be instructed to use contraception during and for 3 months
after the adenovirus study.

III.B.1 . b Screening evaluation

Eligibility will be established by a review of the patients medical records with attention to the dose of

radiation received, and a review of their MRI scans for tumor size and location. Two to three weeks
prior to the planned therapy written informed consent will be obtained from the patient. Screening will

consist of complete physical and neurological examinations, evaluation of performance status, blood

chemistry screen, complete blood counts, blood coagulation profile, anti-adenovirus antibodies testing,

pregnancy test (when indicated), chest x-ray, and review of prior histologic specimens from the brain

tumor.

III.B. 2 Imaging Studies
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Volumetric MRI scans and FDG/PET scans of the brain will be obtained to assess the pretreatment size

and metabolic activity of the tumor. The major anatomic goals will be to define volume of enhancing
tissue as measured on T1 -weighted" volumetric gradient-echo image sets obtained before and after

administration of gadopentate dimeglumine contrast material [43]. The volume of edema detected on Fast

Spin-Echo “T2-weighted“ images will be determined. This will include portions of the neoplasm, white

matter infiltrated by neoplastic cells and vasogenic edema located beyond the confines of the tumor. The
presence and severity of mass effect will be evaluated using linear measurements on the T1- and T2
weighted images. The volumetric MRI scans will be superior to standard MRI scans because they will

permit more accurate estimation of tumor volume, and shape. This technique will be helpful in

determining the areas of the tumor to be injected and for calculating the virus dose per unit volume in

these irregularly shaped and inhomogeneous tumors.

The positron emission tomography technique with F-18 fluoro-deoxy glucose (FDG) is able to identify

high grade tumors (high glucose metabolic rate) and differentiate necrosis (low glucose metabolic rate)

from recurrent tumor more reliably than MRI scan [44, 45]. Prior studies have demonstrated that the

glucose metabolic rate falls prior to a clinical response to cancer treatment [46, 47]. FDG-PET thus

will give us an independent method for following tumor response.

III.B.3 Clinical Trial

The patients will be admitted to the neurosurgery service and evaluated to establish that their clinical

status has not changed from their initial evaluation. The patient will be prepared for surgery with

dexamethasone and an anticonvulsant, and taken to the operating room for stereotactic surgery . An MRI
compatible Cosman-Roberts-Wells (CRW) stereotactic frame (Radionics, Inc., Burlington, MA) will be

placed on the patients head under antiseptic technique using local anesthesia. The patient will then be

taken to the MRI scanner where the tumor will be localized by MRI scan with gadopentate dimeglumine

contrast.

The tumor measurements from the MRI scan will be analyzed using Stereoplan™ software program

(Radionics, Inc.). A three dimensional representation of the tumor will be constructed identifying the

points of injection and depths of injection to be utilized to provide complete infiltration of tumor. The
patient will be returned to the operating room, placed under general anesthesia, and the CRW arc will be

attached. The tumor will be stereotactically infiltrated with H5.010RSV77C. The virus will be injected

slowly so as to prevent the virus suspension from extravasating along the 22 gauge needle injection

tract. We anticipate that we will be injecting tumors varying in size from 20 to 50 cm3 with an

average of 35 cm3 in volume. In the two phase I studies we initially plan to treat a total of 18 patients.

In each study (resectable and unresectable tumors) there will be three patients at each dose of virus

(10 9 ,
1010, ancj -jo 11 pfu). The total virus volume will be 200 pi. Postoperatively, the patient will

be treated with prophylactic antibiotics (either cefazolin or vancomycin). The patient will remain in a

private room on the surgical intensive care unit under continuous observation for signs of increased

intracranial pressure. Serum electrolytes, urine specific gravity and neurologic status will be

monitored. Examinations will be performed daily, or more frequently, by a neurosurgeon and a

neurologist who are investigators. On the second postoperative day, intravenous ganciclovir will be

started at a dose of 5mg/kg IV over one hour, every 12 hours, and continued for 14 days, or until the

second surgery (in the case of patients with resectable lesions). When clinically stable, the patient will

be transferred to the GCRC. This is expected to be 1 to 2 days postoperatively. Standard MRI scans will

be repeated within 48 hours and volumetric MRI scans at 7 days after surgery, or earlier if a

significant change in size of tumor is suspected by the standard MRI. Seven days after stereotactic

surgery, the patients in the phase IA study will undergo open craniotomy. This will provide debulking of

a recurrent tumor which is the standard procedure for a patient with good performance status and tumor

in a resectable location, and tissue to be analyzed for effects of gene therapy. At the time of the second
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surgery, the tumor bed will be infiltrated with the same dose of H5.010RSV77C as used in the patient's

first treatment. GCV will be given for 14 days following tumor resection.

III.C Evaluation for Safety
III.C.1 Neurologic and surgical risk.

Patients may be at risk for the usual complications of brain surgery which include hemorrhage, edema,
permanent or temporary neurological damage or infection. Preoperative corticosteroids will be given

to decrease these risks. Careful neurolgic examination will be performed daily while patients are

hospitalized (for two weeks after the surgical injection of the virus), and a record will be kept of the

neurolgic findings. The physician will assess for level of consciousness, signs of increased intracranial

pressure, seizure activity and focal signs. The MRI scan will be repeated once weekly for two weeks,
and then monthly. In case of any unexpected neureolgic changes which persist, the MRI will be
performed more frequently. The MRI will be used to assess for increased edema and postoperative

hemorrhage. Increased intracranial pressure will be treated with higher doses of corticosteroid or

Mannitol. Prophylactic antibiotics will be given to reduce the risk of wound infection, which may be
greater than average because of the previous surgery and scalp irradiation these patients have received.

III.C. 2 Virus Infection.

Patients will be assessed for evidence of virus dissemination, with chest x-rays, examination of spinal

fluid in patients where it is deemed safe to perform a lumbar puncture, and MRI will be analyzed for

signs of encephalitis and meningitis. Biopsies performed after viral injection in patients with

resectable tumor will be submitted for viral culture and histologic examination for encephalitis.

III.C. 3 Ganciclovir Toxicity

The major toxicity is expected to be myelo suppression. Complete blood counts will be performed every

2 to 3 days after adenovirus treatment. Dose adjustment for myelo toxicity will be as follows: absolute

granulocyte count (polymorphs and bands) < 1000/mm3 or platelet count < 100,000/mm3 : reduce

dose to 75% ; absolute granulocyte count < 500/mm3 or platelet count < 50,000/mm3 : discontinue

ganciclovir, and resume the drug at 50% of the original dose when the granulocyte count is > 500 and
platelets > 50,000. Less frequent side effects of ganciclovir include headache, venous irritation with

pain or redness, renal insufficiency, infertility, birth defects, fever, rash, and liver function

abnormalities. Patients will be assessed for headache and fever and treated symptomatically but the dose
will not be adjusted. Venous irritation will be avoided by the use of central venous catheters (such as a

Hickman port or Portacath) in patents who have poor venous access. Renal function tests (BUN,
Creatinine) will be performed weekly. If the level of creatinine rises to > 2, the ganciclovir will be
discontinued until the creatinine falls below 2 and then resumed at 75% of the original dose. Women of

child bearing age will be requested to use effective contraceptives during and for 3 months after the

treatment. Ganciclovir will be discontinued if grade 3 or 4 skin or hepatic toxicity occurs (see

Appendix VI.H, page 44, for toxicity criteria).

III.C. 4 Dose escalation

Patients will be enrolled in phase IA and phase IB studies in groups of three. Each group will be followed

for a minimum of 30 days before enrolling patients to the next higher dose within each study. If one or

more patients in a group develop dose limiting toxicity, then three subsequent patients will be enrolled

at a one log lower dose. If these patients are successfully treated without dose limiting toxicity, then

treatment at the next higher dose will be done in three additional patients. If none of these patients

experience dose limiting toxicity, the planned dose escalations will continue. If any develop dose limiting

toxicity, the study will stop enrolling patients.
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III.C.5 Evaluation for dissemination of virus

Evidence of dissemination of the adenovirus vector will be systematically sought, although we believe

that this is an unlikely event In the cystic fibrosis gene therapy trial currently in progress, up to 108

pfu of adenovirus has been instilled into the lungs of patients. No dissemination has been detected. Since

installation into the brain represents a more contained administration of the virus, we feel that

dissemination is less likely. If it doses occur, the probable routes of initial spread will be via the

cerebrospinal fluid (CSF) and via the blood stream. Entry into the CSF can occur via direct contact with

the virally infected tumor, and entry into blood vessels can occur through damaged tumor capillaries.

CSF, blood, urine, stool and respiratory samples will all be analyses for the presence of the viral

vector. If detected, the findings will be reported to the FDA and to the RAC.

III.C.6 Dose limiting toxicity: Definition

Dose limiting toxicity (DLT) will be defined as (1) neurologic toxicity of grade 3 or 4 by the

classification in Appendix VI. H, page 44. (2) clinical or MRI manifestations of generalized encephalitis

or meningitis. (3) increase in edema or mass effect by MRI scan, associated with development of

herniation, or decrease in level of consciousness to Glasgow Coma Scale of 10, despite appropriate

measures (e.g. mannitol, corticosteroids.) However, if these changes occur more than 2 weeks post-

operatively and are associated with an MRI appearance consistent with tumor growth, this will not be
considered dose limiting toxicity. (4) any other grade 3 or 4 toxicity in other organ systems which is

not attributable to Ganciclovir and which persists despite discontinuation of Ganciclovir. Any patient

experiencing DLT will be removed from the study.

In the operating room, universal precautions will be observed. All instruments will be soaked in bleach

after the procedure, and disposable instruments and linens will sealed in autoclave bags and removed
from the operating room. No pregnant medical personnel will be permitted to participate in the surgical

procedure.

III.D Evaluation for Biological Efficacy

The primary end points will be radiographic and histologic evidence for tumor regression. MRI and PET
studies will be used to evaluate tumor response. In those patients undergoing palliative resection, tissue

from the tumor bed will be removed for histological examination for evidence of tumor, as well as

possible adverse effects of therapy such as edema, demyelinization, inflammatory reaction. These
findings will be correlated with the MRI and PET scans.

III.D.1 Radiological evaluation.

We will adopt a comprehensive approach to magnetic resonance imaging of these brain tumors. Our
evaluation can be divided into two broad goals, the first will be "classical" anatomic issues, the second

will be attempts to improve characterization of tissue changes associated with primary tumors and

therapy. The major anatomic goals will be to define the extent of the tumor and associated

abnormalities. These are: (l)Volume of enhancing tissue as measured on "Tl-weighted" volumetric

gradient-echo image sets obtained before and after administration of gadopentetate dimeglumine contrast

material. (2) Volume of "edema" detected on Fast Spin-Echo "T2-weighted“ images, recognizing that

this will include portions of the neoplasm, white matter infiltrated by neoplastic cells and vasogenic

edema located beyond the confines of the tumor. (3) presence and severity of mass effect will be

evaluated using linear measurements on the T1- and T2- weighted images. For obvious reasons, these

results will be expected to be highly correlated with 1 and 2, above. (4) Local cerebral blood volume

measurements will be determined using dynamic susceptibility-contrast imaging following a bolus

injection of contrast material. MR-determined blood volume has been reported to correlate with tumor

vascularity, mitotic activity and histologic grade [43]. Thus, these measurements may be helpful in
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characterizing treatment response of residual tumor. These images are obtained using an echo-planar
sequence performed during the first 60 seconds after rapid intravenous infusion of gadopentetate
dimeglumine contrast material. (5) Magnetization transfer contrast has proven useful in

characterizing a variety of white matter abnormalities [48]. For the purpose of monitoring the

effectiveness of therapy, we will investigate its ability to distinguish neoplastic tissue from
encephalomalacia, radiation necrosis and regions containing edema with relatively few tumor cells.

III.D.2 Positron emmislon tomography (PET) evaluation.

Regional cerebral glucose metabolism will be measured using the FDG technique of Reivich et. al. [49].

A venous catheter will be inserted into an antecubital vein of one arm for the administration of FDG and
second venous catheter will be inserted into the opposite hand for “arteriolized” blood sampling. FDG
will then be administered as a bolus (114 mci/kg), 2 ml blood samples will be obtained every 15

seconds for the first minute, then a less frequent intervals for the duration of the study. The blood

samples will be centrifuged and aliquots of plasma analyzed for 18F activity and glucose concentration.

Forty minutes after the administration of FDG, the patient will be positioned into the PENN PET scanner

(UGM Medical Systems, Inc.). The PET scans will be acquired parallel to the canthomeal line and will

include the entire brain. The total imaging time will be 30 minutes which in our experience is tolerated

well by most patients. Regional glucose metabolic rates will be calculated using the operational

equation, derived by Sokoloff et. al. [50] and as modified by Huang et. al. [49, 51] will be used in the

calculation of the metabolic rates.

The Penn-PET scanner is unique in its ability to sample continuously in the transverse and axial

directions. It’s large field of view in the axial axis (12.8 x 9.5 cm) permits imaging of the entire brain

in one data acquisition session. The spatial resolution of the system in 5.5 mm in all three planes,

specifications that are unique to this instrument. This high resolution reduces partial volume effects,

an important consideration with small or irregular shaped tumors. Slice thickness can be varied with

this scanner and we will use 2 mm sampling in the z-axis for this study. The equally good spatial

resolution in all planes allows the data to be treated as a volume and resliced along any planes for

subsequent MRI and PET image superimposition and data analysis.

FDG PET studies will be analyzed using PETVIEW, a SUN workstation-based program developed at PENN
with UGM Medical Systems, Inc. This analysis system acquires data directly from a UGM PENN-PET
SUN workstation and permits superimposition of PET and MRI images. MRI and PET images are

constructed in the transverse plane and stacked to form a volume image. Each section is then resliced

parallel to the anterior commissure-posterior commissure line using the OBLIQUE software module of

PETVIEW. The slice containing caudate nucleus on PET and MRI is used as visual guide confirm the

accuracy of image overlay and for positioning in the z-axis.

We intend to use both qualitative (visual interpretation) as well as quantitative approach to determine

the metabolic activity of the tumoral sites. Qualitative assessment will use the following grading system
for FDG tumor uptake: (1) no FDG tumor uptake; (2) less than surrounding brain; (3)

indistinguishable from adjacent brain; (4) slightly to moderately increased compared with adjacent

brain; (5) markedly increased compared with adjacent brain. Quantitative assessment will include

measurements of regional glucose metabolic rates and calculated ratios of tumor:normal brain [43]

glucose utilization. Absolute glucose metabolic rate vary widely in brain tumors and their correlation

with histology or clinical tumor to that of (a) whole brain, (b) contralateral white matter or (c)

cerebellar hemisphere, are closely correlated with histology. Treatment response, survival and other

clinical parameters. For this study, brain tumor boundaries will be identified on MR images, then

superimposed on co-planner PET slices. Average, peak and decade profile (i.e., 10% bins) glucose

metabolic rate values will be calculated for the tumor and for centrum semiovale white matter in the

hemisphere contralateral to tumor.
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III.D.3 Pathologic evaluation

Tumor specimens from patients undergoing open resections will be received in Surgical Pathology of the

University of Pennsylvania. Some of tissue will be fixed in formalin and embedded in paraffin and
histologic sections will be stained with hematoxylin and eosin. Portions of the tumor will be preserved

in OTC for immunohistochemical staining, and frozen for PCR analysis of adenovirus DNA (see Table II).

Immunohistochemical stains for glial fibrillary acidic protein, neurofilament protein and factor VIII,

adenovirus proteins and HSVf/c protein will be performed. Tumors will be classified according to the

W.H.O. classification for brain tumors. An estimate of the percentage of tumor composed of proliferating

vascular tissue will be made. PCR for DNA and RNA will be utilized to detect recombinant virus in the

surgical pathology brain tumor specimens. A post-mortem examination will be requested on all

protocol patients. Gross examination and histologic analysis of systemic organs will be performed.

Analysis of the brain will include an estimate of volume of tumor. Sections of residual tumor and

normal brain will be snap frozen in liquid nitrogen and stored at -80 °C. Portions of residual tumor
and surrounding brain will be submitted for histologic processing. In addition to the tumor, sections

will be taken for histologic analysis from cortex and white matter of the frontal, parietal, temporal and
occipital lobes, basal ganglia, thalamus, hippocampus, cerebellum, pineal, cervical, thoracic, lumbar

and sacral levels of the spinal cord and the pituitary gland. In situ hybridization for recombinant virus

will be performed.

SPECIMEN IESI FINGINGS/SIGNIFICANCE ,

Tumor tissue

CSF

Serum

Lymphocytes

H&E

Immunohistochemistry

PCR

Western Blot

Plaque assay

Western Blot

CTL Proliferation

TABLE II. Pathologic Evaluation.

% proliferation of vascular tissue

lymphocytic infiltration histology

HSVtk protein expression, glial fibrillary

acidic protein, neurofilament protein, factor

VIII and adenovirus proteins.

detection of H5.010RSVf/c

anti-adenovirus antibody

detection of viable virus

anti-adenovirus antibody

antibodies to HSVf/r

cytolysis of virus infected cells

T-cell recognition of adenovirus infected

cells. ,

III.E Evaluation for Immunological Response

Serum and cerebrospinal fluid will be collected pre and post therapy for detection of anti-adenovirus

antibodies by western blot and by neutralizing antibody assay. The patient's humoral immune response

to adenovirus will be studied by determining titers to adenovirus at various times during the protocol.

When autologous tumor tissue is available (tumor obtained prior to the gene therapy), cell mediated

immunity will be studied to see if the patient’s lymphocytes will proliferate in response to tumor cells,

to adenovirus, or to tumor cells that have been transduced with the virus in vitro. Similarly, cytotoxic

T-cell responses to the patient's tumor cells will be determined using lymphocytes obtained both pre
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and post gene therapy for this purpose. The interpretation of lymphocyte testing may be confounded by a

clinical requirement for the use of corticosteroids. These tests may provide evidence for the

development of an immune response to following adenovirus transduction and will play an important

role in the design of future adenovirus vector clinical trials. The immune response to the vector may
limit the efficacy of serial treatments, may lessen the duration of transgene expression, or may
contribute to local, dose limiting, inflammation [52]. These problems may be overcome by the use of

newer adenoviral vectors that are currently under development [53].

III.F Ethics Advisory Board

An Ethics Advisory Board within the Institute for Human Gene Therapy will undertake the development
of guidelines and recommendations with respect to all areas of patient participation in gene therapy

research. This is described in detail in Appendix VI, F, page 33.

IV. Isolation and Production of H5.01 ORSVT/C Adenovirus
IV.A Construction of recombinant adenoviral vector-H5.010RSVT/C
The strategy for constructing and producing this recombinant adenovirus is summarized as follows.

Step 1. Construction of pAdBglll. The purpose of this step was to construct a plasmid containing the 5'

portion of Ad 5 with deletion of El sequences and a unique cloning site. The plasmid pEHX-L3 contains

sequences from Ad5 spanning map units 1 to 16.1. pEHX-L3 was digested with EcoRI and Bglll and a 5.2

kb fragment isolated, which contains the adenoviral sequences from map units 9.2-16.1 and the plasmid

backbone (derived from pAT 153). The adenoviral sequences from map unit 0-1 which contains the 5’

inverted terminal repeat, origin of replication and encapsidation signal were amplified from the

original pEHX-L3 using PCR to insert a Nhe I site immediately downstream of the EcoR I site, and a Bgl

II site at the 3’ end. This PCR fragment and the EcoR l/Bgl II 5.2 kb fragment were ligated to produce

the plasmid pAdBglll.

Step 2. Construction of pAd.RSV7X. The RSV promoter, the HSV TK gene and the SV40 polyadenylation

signal were cloned into the Bglll site of AdBglll. The source of the RSV promoter and the SV40
polyadenylation signal was the commercially available plasmid pREP8 (InVitrogen). pREP8 contains

the RSV promoter and SV40 polyadenylation signal flanking a small multiple cloning site. pREP8 was
cut with Not I and Kpn I to remove the Nhel site. The ends were blunted, ligated to Not I linkers and
excess linkers cleaved. The resultant plasmid was ligated (closed). The RSV-MCS-SV40 poly A was
removed from this plasmid by digesting with Nru I and Xba I. This MCS in this cassette contains a

unique Not I, Bam HI and Xho I site. Ends were blunted and Bgl II linkers added. This fragment was then

cloned into pAdBglll and designated pAdRSV4. The HSVf/r gene was isolated from the plasmid

pL(X)RNL.HSV//r (gift of XO Breakfield). pL(X)RNL.HSVf/c was cut with Bgl II and Bam HI to remove
the HSV77C fragment The Bgl II digestion results in removal of a large portion of the 5' untranslated

region. The fragment was gel isolated and cloned into Bam HI cut pAdRSV4. Recombinant plasmids in

which the HSVf/rgene was correctly inserted were amplified and designated pAdRSVtk (this adenovirus

has been renamed, H5.010RSVTK). The plasmid DNA was linearized with Nhe I prior to generation of

adenoviral recombinants.

IV. B Generation of Recombinant H5.010RSV77C Virus

The recombinant tk adenovirus was constructed from the plasmid pAdRSV//c and modified adenovirus

type 5 (Ad 5), sub 360, in which a small portion of the E3 gene is deleted. pAdRS\/tk was linearized by

Nhe I and co-transfected with the large fragment of Xbal/CIa I cut sub 360 into 293 cells (a human
kidney cell line containing a functional Ela gene that provides a trans-acting Ela protein) to allow

homologous recombination to occur, followed by replication and encapsidation of recombinant

adenoviral DNA into infectious virions and formation of plaques. Individual plaques were isolated and

amplified in 293 cells, viral DNA was isolated, and recombinant adenoviral plaques containing the

human tk cDNA were identified by restriction cleavage and Southern blot analysis. Three of the positive
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plaques was plaque-purified a second time and re-scored by restriction digest and southern analysis.

One of the positive plaques from the second purification was amplified, purified by cesium chloride

gradient ultracentrifugation, desalted, and stored in the -80 °C freezer in 10 % glycerol in PBS. Viral

stocks were then tested for the ability to confer ganciclovir sensitivity to rat glioblastoma cell lines.

IV. C Sequence Analysis of Recombinant Virus, H5.010RSVT/C

H5.010RSVTK
r

viral DNA was isolated from the purified viral preparation obtained after two rounds of

plague purification. Selected areas of the viral genome one being sequenced by an approved FDA facility

in compliance with GLP (Good Laboratory Procedures).

Two areas of the genome are being subjected to complete sequence analysis including 1) the 5' end of the

genome spanning the 5' ITR, the entire minigene cassette including RSV promoter, the TK cDNA, and 2)

the region surrounding the E3 deletion. Regions to be sequenced will be subcloned as overlapping

restriction fragments into pBluescript II (Stratagene) and pGem5Zf (Promega). Nested deletion clones

will be generated in both directions for each of the subclones using a modified exolll SI nuclease

procedure. These deletion clones will be size selected to provide complete coverage of each strand and
sequenced using the dideoxynucleotide termination procedure. Internal sequencing primers will be
synthesized and used to close gaps between contigs and to fill in any single-stranded regions.

IV. D Strategy for Characterization of Clinical Grade Adenovirus - Quality Assurs
and Control

A four-stage test program has been designed to assess the master cell bank, the seed lot, the product

intermediate (cell lysate) and the purified product (virus). The 293 cells used to produce the

adenovirus will be characterized prior to infection for possible microbial, adventitious viral and select

specific human viral contaminants. Testing of the adenovirus preparation used to infect the cells will

include assays for microbial contaminants and adventitious virus. After expansion of the infected cells,

the cell lysate will be evaluated for microbial contaminants. Product testing of the purified product for

endotoxin, microbial contaminants, extraneous toxins and infectious adenovirus completes the test

battery. Each step will be carefully tested for the presence of wild type adenovirus. The majority of

tests will be performed by Microbiological Associates Inc. (MAI), an independent laboratory that has

provided contract research and safety assessment for the pharmaceutical industry.

Similar to the generation of recombinant retroviral gene therapy reagents, adenoviral reagents have

been constructed to provide "cassette" oriented approaches to their production. A recombinant
adenoviral vector was constructed from a modified adenovirus type 5 in which the minigene of interest

is inserted in place of El a and Elb. This vector is cotransfected along with the large fragment of the

enzyme-restricted Ad5 DNA into 293 cells. 293 cells are a human kidney cell line that contains a

functional El a gene and provides a trans-acting El a protein in order to allow for homologous infectious

virions and formation of plaques. A Master Cell Bank (MCB) of 293 cells have been previously

established and evaluated for performance, in terms of production of recombinant adenoviruses and for

the absence of other pathogenic contaminants. Individual plaques are isolated and functional DNA would

be identified by restriction cleavage and Southern blot analysis. The MCB is then infected with the

crude viral lysates and plaque-purified a second time in order to generate a seed lot using 293 cells.

The purified seed lot lysate is subjected to safety testing. The MCB is then plated again and infected with

the certified viral seed lot. Lysates are harvested from the infected cells and virus is purified from the

lysate and cryopreserved. Individual production lots are extensively evaluated. The purified

adenoviral DNA is then subjected to sequencing.

Additional details on the adenovirus production process and quality contol measures is provided in

Appendix VI.G, page 35.
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APPENDICES

VI.A. Pharmacology and Toxicity of Ganciclovir

Ganciclovir (Cytovene®, Syntex Laboratories, Inc.) is a synthetic nucleoside analog of 2'-

deoxyguanosine that inhibits the replication of herpes viruses, including cytomegalovirus (CMV),

herpes simplex virus (types 1 and 2), Epstein-Barr virus and varicella zoster virus. It is clinically

indicated for the treatment of CMV retinitis in patients with acquired immunodeficiency syndrome and

for the prevention of CMV infection in bone marrow transplant recipients. In addition, it is used to treat

CMV infections in transplant patients. Extensive clinical experience exists in the use of this drug.

Currently, it is available as a lyophilized powder for intravenous use. An oral form is currently under

development. In experimental animals it is often administered by intraperitoneal injection which leads

to blood levels that are similar to those obtained by intravenous administration.

The human dosage in CMV infected patients and transplant recipients is 5 mg/kg given as a one hour

infusion twice daily. A single infusion, at this dose, gives a peak plasma concentration (plasma level at
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CONSENT TO ACT AS A SUBJECT IN AN INVESTIGATIONAL STUDY

UPCC 3394, June 1994

( Revised July, 1994)

Informed Conse

1) Title of research project:

Treatment of advanced CNS malignancy with recombinant adenovirus: Phase IA.

2) Investigators: Jane B. Alavi, Abass Alavi, Stephen Eck, Joan Mollman, Kevin Judy,
David Hackney, Peter Phillips (Telephone number of Dr. Alavi: 662-6319 or 662-6059;
telephone number of Dr. Eck: 734-8226)

3) Purpose: The purpose of this study is to determine the safety of a new form of

brain cancer therapy. In this study a recombinant (laboratory -produced)
adenovirus will be directly injected into your brain cancer. (An adenovirus is a
common virus which often causes infections of the nose and windpipe and lungs).

You will then receive a drug called ganciclovir. The primary purpose of this study is to
determine if this type of treatment can be safely done in humans. The virus has been
especially designed to carry a gene, herpes simplex thymidine kinase (HS-TK). It is

also altered to make it difficult for it to multiply. The study will also investigate whether
this gene ( a gene is made of DNA) will enter brain tumor cells and cause the tumor
cells to be killed by ganciclovir.

You have been asked to participate because you have a brain tumor which
failed to respond to conventional therapy.

4) Description of the project:

1) Pre-gene therapy evaluation. You will be evaluated to determine if you are a
suitable subject to participate in the gene therapy study. This will involve a full

medical history and physical examination, blood tests, MRI scan of the brain and
chest x-ray. Approximately 30 ml (2 tbs.) of blood will be taken from an arm vein. A
pregnancy test will be performed if you are a woman with child bearing potential.

2) Gene therapy study. You will be admitted to the Clinical Research Center or the
Neurosurgery Service of the Hospital of the University of Pennsylvania. A positron

emission tomography scan (PET scan) of the brain will be performed. For this scan,

you will lie on a comfortable reclining chair in the Nuclear Medicine Section of the
hospital, and scans (pictures) will be taken of your brain. Your head will not be
enclosed during this procedure. Prior to the scans, a needle will be placed in the
radial artery (at the wrist) for samples of blood. Another needle will be placed in an
arm vein (in the hand or elbow area) and used for injection of a radioactive form of

sugar, F-18 deoxyglucose. The purpose of the PET scan is to determine if your brain

tumor uses sugar, as many malignant tumors do. The PET scan will be repeated at 2

weeks and 4 weeks after gene therapy, to see if the treatment has changed the

characteristics of the tumor.

On the second hospital day you will be taken to the operating room. Under
local anesthesia, a stereotactic frame will be placed on the outside of your head.
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This is a large ring attached to the scalp temporarily, to permit precise measurements
of the tumor location. You will be transported to the MRI scanner for an MRI scan of
the brain, then back to the operating room. General anesthesia will then be
administered and the neurosurgeon will perform surgery by stereotactic technique.
In other words, the brain will be entered through small holes rather than through a
large incision in the skull. The surgeon will inject into the tumor a small amount of the
recombinant adenovirus, containing the herpes simplex thymidine kinase (TK) gene.
After the surgery, you will be taken to the Intensive Care Unit for routine post operative
care. You will be transferred back to the Clinical Research Center (CRC) in 1 or 2

days. The stereotactic frame will be removed after surgery.

Two days after the surgery, you will begin to receive the drug ganciclovir in the
vein, twice a day, for seven days. You will have an MRI scan of the brain on the
second and seventh post operative days.

Approximately 7 days after the stereotactic surgery, you will have a second
operation. This will be a standard neurosurgical operation under general anesthesia,
to remove as much of the brain tumor as is safe and possible. After the tumor is

removed, the surgeon will inject another dose of the same adenovirus into the area
of remaining tumor. After this operation you will again be treated in the Intensive

Care Unit or the CRC, with twice a day injections of ganciclovir for 14 more days. MRI
scans will be performed 2 and 14 days after surgery. You will be discharged from the
hospital after 14 days, or whenever your condition is considered medically stable.

Lumbar puncture may be performed one or two times after the injection of the
virus, to sample spinal fluid.

You will need long term follow up. Because gene therapy is a very new form
of treatment, the long term effects are not known. To gain the most information and
to provide the greatest safety, periodic evaluations will be needed. Your
agreement to participate in this study means that you recognize the need for

prolonged relationship with the study and appreciate the need for continued
evaluations. This will entail monthly evaluations that include history, physical

examination, MRI scan and routine blood tests for one year, and less frequent
evaluations for as long as you live.

Consent for autopsy. To fully evaluate the effects and safety of gene therapy,
it will be necessary to obtain as much information as possible. In the eventual
occurrence of your death, evaluation of your brain and other organs will be a very

valuable method to see the full effects of gene therapy. Therefore your participation

in this study means that you agree to an autopsy. This agreement must also be
known by your next of kin so that person can follow with your wishes.

5) Risks and discomforts of the research.
Blood tests: You may develop a bruise or tenderness at the site of needle

punctures.
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Ganciclovir: This is a drug used for certain virus infections. The most common
side effects are headache, irritation of the veins, lowering the white blood cell count
(which could lead to infection), lowering of the platelet count (which could lead to
bruising or bleeding). Rarely, kidney damage can occur. You will be monitored with
frequent blood tests to look for these side effects, and the dose of ganciclovir will be
decreased or stopped if serious adverse effects occur.

Lumbar puncture: This can lead to pain, bruising or bleeding in the back where
the needle is placed.

Surgery: You will be asked to sign a separate consent form for the
neurosurgery. The potential risks include paralysis, stroke, difficulty with speech or

vision that may be temporary or permanent, bleeding into the brain, infection, and
possible death. The study requires that you have two brain operations, whereas
normal treatment would involve only one operation.

PET scans: The arterial and venous catheters (tubes) could cause some
bleeding at the site of the injection. The tube could become disconnected causing
blood loss or the artery or vein could become clotted. This could cause circulation

problems in the hand making it cold and painful. Pieces of the tube or clot could
break off and lodge elsewhere requiring treatment. These complications are
extremely rare. The PET scan utilizes radioactive material and therefore you will

receive a radiation dose. The radiation dose you receive is within the limits permitted
by the FDA for human research volunteers. While the radioactive material is in your
body it is not hazardous to persons near you. Also it will have largely disappeared
within 6 hours. These studies will not be performed on pregnant women. A blood
pregnancy test will be done on any woman of child bearing potential.

In this research study, you will be asked to have more frequent scans and tests

than is normal for patients undergoing brain tumor treatment.

Complications caused by the virus. The virus that is being used has been
made so that it cannot reproduce by itself. There is a very slight possibility that

something may happen during the study that will allow the virus to multiply. The
effects of this event are unknown. However your immune system will likely kill the virus

after it has been there for several days to weeks. It is possible that the virus could
spread from your body to your surroundings. The virus has been altered so that it can
not reproduce by itself. If however, something should happen that the virus does
spread and reproduce, it would likely behave no differently from similar types of

viruses that are already in the environment around us. However, if there are signs that

virus is being spread, you may be asked to remain in the hospital longer than 2

weeks for further monitoring. The type of virus used in these studies is not the type that

inserts its genes into the patient's own genes. The insertion into normal genes is

thought to be a cause of cancer in very rare instances. Because insertion of the virus

gene into your genes is highly unlikely, the chance that the virus will cause cancer is

very small. There is a remote possibility that the virus could change genes in the
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body's eggs or sperm. Therefore patients who are pregnant are not permitted to
enter this study, and all patients in this study are advised to take precautions not to
bear children in the next few months following treatment.

Withdrawing from the study. If you withdraw from the study after the gene is

placed into your brain, it will not be possible to evaluate fully the safety of gene
therapy. Should complications occur, it might not be possible to detect them
promptly and institute therapy.

Loss of privacy. Gene therapy is very interesting to the general public.

Although every effort will be made to maintain your privacy, it is possible that the
news media or other individuals might learn of your identity and spread this

information, even if you do not want this to happen.

Participation in multiple studies may be hazardous to you. If you are already
participating in another research study, please inform us fully. You should not
participate in multiple studies, unless you and the investigators agree that your health
and the outcome of the study will not be jeopardized.

6) Expected benefits. You may not benefit in any way from this research study. If the
treatment does result in killing of tumor cells, the tumor may become smaller for a
period time, but it is not known if this will occur.

7) Alternative procedures. Alternative treatments for brain tumors include standard
surgery, chemotherapy or sometimes implantations of radioactive sources into the
brain.

8) Costs to subject or insurance carrier resulting from participation in the study. There
will be no cost to you for your participation in the study. Any costs resulting from care
you require as part of the study or because of complications from the study will be
provided through the Clinical Research Center of the University of Pennsylvania.

9) Payments. You will not be paid for participating in this study.

1 0) Confidentiality. You will not be identified in any reports on this study. The records
will be kept confidential to the extent provided by federal, state and local law. The
Federal Food and Drug Administration may inspect the records of this investigation.

The extreme amount of public interest in gene therapy may cause members of the
media to try to find out who you are. If they succeed, you might be subject to

frequent requests for interviews and your privacy may be reduced. Every effort will

be made to protect your privacy but this may not be possible.

1 1 ) Management of physical injury. You will remain in the hospital for 2 weeks after the

surgery. If problems or questions arise when you are not in the hospital you should

contact Dr. Jane Alavi at 662-6319 or 662-6059 (24 hour number) or Dr. Stephen Eck (734-

8226, a beeper, 24 hour number). In the event of a physical injury which may result

Recombinant DNA Research, Volume 20 [379]



UPCC 3394, June 1994

5
University of Pennsylvania

Informed Consent
Treatment of advanced CNS malignancy with recombinant adenovirus: Phase IA

from research procedures, the University will provide medical treatment. Additional
medical treatment will be provided in accordance with the determination by the
University of its responsibility to provide such treatment. However, the University does
not provide compensation to a person who is injured while participating as a subject
in research.

1 2) Availability of further information. If you wish further information regarding your rights

as a research subject, you may contact the Office of Research Administration at the
University of Pennsylvania by telephoning (215) 898-7293. If significant new knowledge
is obtained during the course of this research study which may relate to your
willingness to continue participation, you will be informed of this knowledge. To find

out more about any aspect of the study including your rights, you may contact the
investigators.

13) Voluntary nature of participation. Your participation in this project is voluntary. You
may refuse to participate in or withdraw from the study at any time without penalty or

loss of benefits to which you may otherwise be entitled. In case you decide to
withdraw from the study you may suffer the following consequences. 1) Loss of the
ability to monitor for side effects of gene therapy. 2) Failure to find out if there are any
unforeseen risks from gene therapy that may not be obvious without repeated
evaluation.

14) Documentation of consent. One copy of this document will be kept together
with our research records on this study. A second copy will be placed in your hospital

record. A third copy will be given to you to keep.

15) Consent of the subject. I have read the information given above. I understand
the meaning of the information. The investigator has satisfactorily answered my
questions concerning the study. I hereby consent to participate in the study. I will

also have my next of kin sign a provisional consent to an autopsy to be used when I

eventually die.

16) Names and signatures of consenting person and witnesses.

Subject's signature

Witness' signature

Investigator's signature

Date

Date

Date
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1) Title of research project:

Treatment of advanced CNS malignancy with recombinant adenovirus: Phase IB.

2) Investigators: Jane B. Alavi, Abass Alavi, Stephen Eck, Joan Mollman, Kevin Judy,
David Hackney, Peter Phillips (Telephone number of Dr. Alavi: 662-6319 or 662-6059;

telephone number of Dr. Eck: 734-8226)

3) Purpose: The purpose of this study is to determine the safety of a new form of

brain cancer therapy. In this study a recombinant (laboratory -produced)
adenovirus will be directly injected into your brain cancer. (An adenovirus is a
common virus which often causes infections of the nose and windpipe and lungs).

You will then receive a drug called ganciclovir. The primary purpose of this study is to
determine if this type of treatment can be safely done in humans. The virus has been
especially designed to carry a gene, herpes simplex thymidine kinase (HS-TK). It is

also altered to make it difficult for it to multiply. The study will also investigate whether
this gene ( a gene is made of DNA) will enter brain tumor cells and cause the tumor
cells to be killed by ganciclovir.

You have been asked to participate because you have a brain tumor which
failed to respond to conventional therapy.

4) Description of the project:

1) Pre-gene therapy evaluation. You will be evaluated to determine if you are a
suitable subject to participate in the gene therapy study. This will involve a full

medical history and physical examination, blood tests, MRI scan of the brain and
chest x-ray. Approximately 30 ml (2 tbs.) of blood will be taken from an arm vein. A
pregnancy test will be performed if you are a woman with child bearing potential.

2) Gene therapy study. You will be admitted to the Clinical Research Center or the
Neurosurgery Service of the Hospital of the University of Pennsylvania. A positron

emission tomography scan (PET scan) of the brain will be performed. For this scan,
you will lie on a comfortable reclining chair in the Nuclear Medicine Section of the
hospital, and scans (pictures) will be taken of your brain. Your head will not be
enclosed during this procedure. Prior to the scans, a needle will be placed in the
radial artery (at the wrist) for samples of blood. Another needle will be placed in an
arm vein (in the hand or elbow area) and used for injection of a radioactive form of

sugar, F-18 deoxyglucose. The purpose of the PET scan is to determine if your brain

tumor uses sugar, as many malignant tumors do. The PET scan will be repeated at 2

weeks and 4 weeks after gene therapy, to see if the treatment has changed the

characteristics of the tumor.

On the second hospital day you will be taken to the operating room. Under
local anesthesia, a stereotactic frame will be placed on the outside of your head.
This is a large ring attached to the scalp temporarily, to permit precise measurements
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of the tumor location. You will be transported to the MRI scanner for an MRI scan of

the brain, then back to the operating room. General anesthesia will then be
administered and the neurosurgeon will perform surgery by stereotactic technique.
In other words, the brain will be entered through small holes rather than through a
large incision in the skull. The surgeon will inject into the tumor a small amount of the
recombinant adenovirus, containing the herpes simplex thymidine kinase (TK) gene.
After the surgery, you will be taken to the Intensive Care Unit for routine post operative
care. You will be transferred back to the Clinical Research Center (CRC) in 1 or 2

days. The stereotactic frame will be removed after surgery.

Two days after the surgery, you will begin to receive the drug ganciclovir in the
vein, twice a day, for fourteen (14) days. You will have an MRI scan of the brain on
the second, seventh and fourteenth post operative days. You will be discharged
from the hospital after 14 days, or whenever your condition is considered medically
stable.

Lumbar puncture may be performed one or two times after the injection of the
virus, to sample spinal fluid.

You will need long term follow up. Because gene therapy is a very new form
of treatment, the long term effects are not known. To gain the most information and
to provide the greatest safety, periodic evaluations will be needed. Your
agreement to participate in this study means that you recognize the need for

prolonged relationship with the study and appreciate the need for continued
evaluations. This will entail monthly evaluations that include history, physical

examination, MRI scan and routine blood tests for one year, and less frequent
evaluations for as long as you live.

Consent for autopsy. To fully evaluate the effects and safety of gene therapy,
it will be necessary to obtain as much information as possible. In the eventual
occurrence of your death, evaluation of your brain and other organs will be a very

valuable method to see the full effects of gene therapy. Therefore your participation

in this study means that you agree to an autopsy. This agreement must also be
known by your next of kin so that person can follow with your wishes.

5) Risks and discomforts of the research.

Blood tests: You may develop a bruise or tenderness at the site of needle
punctures.

Ganciclovir: This is a drug used for certain virus infections. The most common
side effects are headache, irritation of the veins, lowering the white blood cell count
(which could lead to infection), lowering of the platelet count (which could lead to

bruising or bleeding). Rarely, kidney damage can occur. You will be monitored with

frequent blood tests to look for these side effects, and the dose of ganciclovir will be
decreased or stopped if serious adverse effects occur.
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Lumbar puncture: This can lead to pain, bruising or bleeding in the back where
the needle is placed.

Surgery: You will be asked to sign a separate consent form for the
neurosurgery. The potential risks include paralysis, stroke, difficulty with speech or
vision that may be temporary or permanent, bleeding into the brain, infection, and
possible death.

PET scans: The arterial and venous catheters (tubes) could cause some
bleeding at the site of the injection. The tube could become disconnected causing
blood loss or the artery or vein could become clotted. This could cause circulation

problems in the hand making it cold and painful. Pieces of the tube or clot could
break off and lodge elsewhere requiring treatment. These complications are
extremely rare. The PET scan utilizes radioactive material and therefore you will

receive a radiation dose. The radiation dose you receive is within the limits permitted
by the FDA for human research volunteers. While the radioactive material is in your
body it is not hazardous to persons near you. Also it will have largely disappeared
within 6 hours. These studies will not be performed on pregnant women. A blood
pregnancy test will be done on any woman of child bearing potential.

In this research study, you will be asked to have more frequent scans and tests

than is usual for patients undergoing brain tumor treatment.

Complications caused by the virus. The virus that is being used has been
made so that it cannot reproduce by itself. There is a very slight possibility that
something may happen during the study that will allow the virus to multiply. The
effects of this event are unknown. However your immune system will likely kill the virus

after it has been there for several days to weeks. It is possible that the virus could
spread from your body to your surroundings. The virus has been altered so that it can
not reproduce by itself. If however, something should happen that the virus does
spread and reproduce, it would likely behave no differently from similar types of

viruses that are already in the environment around us. However, if there are signs that

virus is being spread, you may be asked to remain in the hospital longer than 2

weeks for further monitoring. The type of virus used in these studies is not the type that

inserts its genes into the patient's own genes. The insertion into normal genes is

thought to be a cause of cancer in very rare instances. Because insertion of the virus

gene into your genes is highly unlikely, the chance that the virus will cause cancer is

very small. There is a remote possibility that the virus could change genes in the
body's eggs or sperm. Therefore patients who are pregnant are not permitted to

enter this study, and all patients in this study are advised to take precautions not to

bear children in the next few months following treatment.

Withdrawing from the study. If you withdraw from the study after the gene is

placed into your brain, it will not be possible to evaluate fully the safety of gene
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therapy. Should complications occur, it might not be possible to detect them
promptly and institute therapy.

Loss of privacy. Gene therapy is very interesting to the general public.
Although every effort will be made to maintain your privacy, it is possible that the
news media or other individuals might learn of your identity and spread this

information, even if you do not want this to happen.

Participation in multiple studies may be hazardous to you. If you are already
participating in another research study, please inform us fully. You should not
participate in multiple studies, unless you and the investigators agree that your health
and the outcome of the study will not be jeopardized.

6) Expected benefits. You may not benefit in any way from this research study. If the
treatment does result in killing of tumor cells, the tumor may become smaller for a
period time, but it is not known if this will occur.

7) Alternative procedures. Alternative treatments for brain tumors include standard
surgery, chemotherapy or sometimes implantations of radioactive sources into the
brain.

8) Costs to subject or insurance carrier resulting from participation in the study. There
will be no cost to you for your participation in the study. Any costs resulting from care
you require as part of the study or because of complications from the study will be
provided through the Clinical Research Center of the University of Pennsylvania.

9) Payments. You will not be paid for participating in this study.

10) Confidentiality. You will not be identified in any reports on this study. The records
will be kept confidential to the extent provided by federal, state and local law. The
Federal Food and Drug Administration may inspect the records of this investigation.

The extreme amount of public interest in gene therapy may cause members of the
media to try to find out who you are. If they succeed, you might be subject to

frequent requests for interviews and your privacy may be reduced. Every effort will

be made to protect your privacy but this may not be possible.

1 1) Management of physical injury. You will remain in the hospital for 2 weeks after the

surgery. If problems or questions arise when you are not in the hospital you should

contact Dr. Jane Alavi at 662-6319 or 662-6059 (24 hour number) or Dr. Stephen Eck (734-

8226, a beeper, 24 hour number). In the event of a physical injury which may result

from research procedures, the University will provide medical treatment. Additional

medical treatment will be provided in accordance with the determination by the

University of its responsibility to provide such treatment. However, the University does
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not provide compensation to a person who is injured while participating as a subject
in research.

12) Availability of further information. If you wish further information regarding your rights

as a research subject, you may contact the Office of Research Administration at the
University of Pennsylvania by telephoning (215) 898-7293. If significant new knowledge
is obtained during the course of this research study which may relate to your
willingness to continue participation, you will be informed of this knowledge. To find

out more about any aspect of the study including your rights, you may contact the
investigators.

13) Voluntary nature of participation. Your participation in this project is voluntary. You
may refuse to participate in or withdraw from the study at any time without penalty or

loss of benefits to which you may otherwise be entitled. In case you decide to
withdraw from the study you may suffer the following consequences. 1) Loss of the
ability to monitor for side effects of gene therapy. 2) Failure to find out if there are any
unforeseen risks from gene therapy that may not be obvious without repeated
evaluation.

14) Documentation of consent. One copy of this document will be kept together
with our research records on this study. A second copy will be placed in your hospital

record. A third copy will be given to you to keep.

15) Consent of the subject. I have read the information given above. I understand
the meaning of the information. The investigator has satisfactorily answered my
questions concerning the study. I hereby consent to participate in the study. I will

also have my next of kin sign a provisional consent to an autopsy to be used when I

eventually die.

16) Names and signatures of consenting person and witnesses.

Subject's signature

Witness' signature

Investigator's signature

Date

Date

Date
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I. SCIENTIFIC ABSTRACT
Scientific Abstract

Gene Therapy for Malignant Mesothelioma

Malignant mesothelioma is a primary neoplasm of the mesothelial lining of the pleural or

peritoneal cavity and accounts for approximately 6000 deaths per year. Although virtually all

patients die within two years of diagnosis, malignant mesothelioma has a number of number of

characteristics that make it an attractive model to study the feasibility of using gene therapy for

localized malignancy. First, no effective therapy currently exists. Second, the location in the

potential space of the thoracic cavity, makes the tumor is uniquely accessible, facilitating

directed administration of therapeutic agents and subsequent analysis of treatment effects.

Third, local extension of disease, rather than the development of widespread distant metastases,

is responsible for the majority of the morbidity and mortality associated with this neoplasm.

We propose in this protocol, a Phase I trial to assess the safety and feasibility of treating

patients with malignant mesothelioma by direct delivery of an adenovirus containing the Herpes

Simplex thymidine kinase gene (HSVTK) into the pleural space, followed by systemic treatment

with the antiviral drug ganciclovir (GCV). The rationale for this human protocol was based on
previous successful experiments using the HSVT/C/GCV system transferred via retroviral

vectors to treat brain tumors and our own preclinical studies in animal models that demonstrated
the efficacy of the HSVT/C/GCV system using an adenovirus vector in eradicating established

human mesothelioma tumors growing within the peritoneal cavity of immunodeficient mice and
pleural cavity of immunocompetent rats.

In the Phase I protocol, patients will be treated with HSVT/C-expressing replication deficient

adenovirus and followed for a) evidence of HSVT/C gene transfer and expression, b)

immunological responses to HSVT/C or adenoviral proteins, and c) toxicity. Adult patients with

advanced malignant mesothelioma who are considered acceptable candidates for two thorocoscopic

procedures will be considered. After thoroscopic confirmation of diagnosis, a suspension of

virus will be delivered into the pleural space via a chest tube. Tumor biopsies will be harvested

for analyses by follow-up thoracoscopy 3 days after instillation of virus. At that time, GCV will

administered by intravenous infusion for 14 days. Patients will subsequently be carefully

evaluated using clinical, laboratory, and radiographic analyses.

These studies will provide the scientific and clinical foundation for a future Phase II clinical

trial for the treatment of mesothelioma. In addition, information will be obtained that will be
useful for the planning of additional clinical trials focused on the treatment of other localized

malignancies such as brain tumors, ovarian and bladder carcinomas, and metastatic disease to the

meninges.
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II. NON-TECHNICAL ABSTRACT

Gene Therapy of Malignant Mesothelioma
Non-Technical Abstract

This protocol is designed to develop a new approach for the treatment of a type of chest tumor
called pleural mesothelioma. This is a malignant tumor of the lining cells of the lungs that is

strongly linked to prior asbestos exposure. At present, the disease is uniformly fatal- with a

life-expectancy at time of diagnosis of about one to one and a half years. Although trials of

radical surgery and chemotherapy have been conducted, none have shown much promise or

efficacy. Clearly there is a need for new treatment approaches.

One of the most exciting new approaches to cancer treatment is gene therapy. This strategy

involves inserting a specially designed “gene” into cancer cells. Once inside the cancer cell, this

gene becomes the blueprint for the production of a new protein which can be used to help destroy

the cancer.

Our approach to gene therapy is to place a "suicide" gene into a type of common-cold virus (the

adenovirus) and infect tumors with the modified virus. In preliminary experiments, we have

found that this virus efficiently infects tumor cells and makes them sensitive to an anti-viral

drug (called ganciclovir) that does not harm humans or animals.

We have developed animal models of mesothelioma by injecting tumor cells into mice and rats.

In these animals, the tumors grow rapidly causing death within 4-6 weeks. In animals with

growing tumors, injection of the modified virus followed by treatment with the drug ganciclovir,

has cured 80% of the animals and markedly reduced the tumor burden in the remainder.

Based on these observations, we propose to use this gene therapy strategy in patients with

mesothelioma by injecting the modified virus directly into the chest cavity (near the tumors)

and then treating the patients with the drug ganciclovir. In the first trial, the safety of using

this system will be determined. Each subject will be carefully observed for any signs of

infection, irritation, or other adverse effects. Successful completion of this project would pave

the way for additional studies aimed at effectively treating, and hopefully curing, patients with

this form of cancer.
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V. Protocol Protocol

V.A. Background
V.A.1. Malignant Mesothelioma: The Clinical Problem
Malignant mesothelioma is a primary neoplasm of the mesothelial lining of the pleural (80%) or

peritoneal cavity (20%). It has been linked conclusively to prior exposure to asbestos (Antman,
1993). Although relatively rare, mesothelioma accounts for approximately 6000 deaths per year
(similar to that caused by Hodgkin’s Disease). The incidence of mesothelioma is increasing at a rate

of 13% per year in American men and even faster in other parts of the world where exposure to

asbestos is not well regulated (Sentes, 1989). In addition, mesothelioma is beginning to occur more
frequently in women and those with no history of asbestos exposure (see Pisani et al., 1988).

The disease is usually staged using the Butchart staging system: Stage I: Confined to ipsilateral

pleura and lung or to peritoneal cavity; Stage II: Involving chest wall, mediastinum, pericardium,

or contralateral pleura; Stage III: Involving both thorax and abdomen or lymph nodes outside the

chest or abdomen; Stage IV: Distant blood born metastasis. At the time of diagnosis, stage II disease

is most common (50%), stages I (18%) and III (28%) are less frequent, and stage IV disease is

very infrequent (4%) (Pisani et al., 1988). Thus, in most cases, mesothelioma is a diffuse disease

at the time of diagnosis. The tumor grows in a locally invasive fashion, often invading thoracic

structures such as chest wall, pericardium, myocardium, and great vessels. Distant, blood-borne,

metastases occur very late in the disease (Rusch 1993).

The median survival for patients with mesothelioma at the time of diagnosis is between 12 and 18

months, although survival time for patients with this tumor is notoriously variable. Curability of

this disease is extremely rate. Therapy for mesothelioma has included three modalities used
individually or in combination: operation, irradiation, and chemotherapy. Unfortunately, to date,

none of these modalities has proven effective (Rusch, 1993). Surgical resection allows the removal

of gross tumor but cannot provide microscopically negative margins. The use of radiation is limited

by the huge volume of the tumor and the intolerance to radiation of adjacent intrathoracic organs.

Radiation therapy has only produced a few long term survivors. There are no truly effective

chemotherapeutic agents with the best reported response rates (using combination chemotherapy) of

20-30%. Optimal selection of chemotherapy agents and timing remain undefined.

Because of these shortcomings, several clinical trials utilizing aggressive surgical approaches (i.e.

extrapleural pneumonectomy) coupled with radiation treatment and pre- or post-operative

chemotherapy have been attempted in high performance status patients. Perioperative morbidity

and mortality was high and, disappointingly, resulted in increments in survival measured in months
(Sugarbaker et al., 1993, Rusch, 1993, Antman, 1993). It is clear that a novel therapeutic

approach is desperately needed in this disease.

V.A. 2. Gene Therapy: Rationale

A number of characteristics thus make pleural malignant mesothelioma an attractive target for gene
therapy. First, as discussed above, no effective therapy currently exists. Second, the location in

the potential space of the thoracic cavity makes the tumor uniquely accessible, facilitating directed

administration of novel agents and subsequent analysis of treatment effects. A surgical "debulking"

procedure to remove gross disease, followed by gene therapy to remove residual disease would thus

be technically feasible. Third, local extension of disease, rather than the development of widespread

hematogenous metastases, is responsible for the morbidity and mortality associated with this

neoplasm. Incremental improvement in local control could conceivably lead to significant

improvement in survival or palliation.

V.A. 3. Gene Therapy: The Prodrug Approach using HSWtk
Culver et al. (1992) have reported success in treating localized brain tumors by injection of

fibroblasts secreting retroviruses engineered to contain the herpes simplex thymidine kinase
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(HSVf/c) gene. These studies and others have demonstrated that introduction of the HSVf/c gene into

mammalian cells renders them highly sensitive to subsequent treatment with the normally non-

toxic nucleoside analog ganciclovir (GCV) (Moolten et al, 1990; Moolten et al, 1992; Freeman et

al., 1993; Hasegawa et al, 1993; Caruso et al, 1993; Ram et al, 1993). One key feature of this

system is a bystander effect where tumor growth may be slowed, or tumor tissue eliminated, after

GCV administration, even when only 10-15% of cells are transfected with HSVf/c. The mechanisms
of this in vivo bystander effect are currently unknown, but are under active investigation.

To date, all of the studies using transfer of HSVf/c (except one-see below) have used recombinant

retrovirus (Culver et al, 1992; Freeman et al, 1993, Hasegawa et al, 1993; Caruso et al, 1993;
Ram et al, 1993). Although potentially effective, certain features of retrovirus-mediated gene
transfer are not optimal for in vivo gene therapy. These include difficulties in producing and
purifying high titer viral stock, the fact that only actively dividing cells allow retroviral

integration and transgene expression, and the possibility of insertional mutagenesis (Mulligan,

1993). In addition, because recombinant retroviral supernatant may not reliably infect tissues in

situ, syngeneic "producer cells" are required (Ram et al., 1993), confounding interpretation of

subsequent effects and raising potential safety issues.

For these reasons, our group has begun to explore the possibility of using adenoviruses to deliver

the HSVf/c gene to treat malignant mesothelioma (Smythe et al, 1994a; 1994b; 1994c- See
Appendix). In contrast to retroviruses, adenoviruses have the ability to directly transduce tissues

in vivo, can easily be produced in high titer, do not require cell division for transduction of cells,

and have an established record of safety as vaccination material (Kozarsky and Wilson, 1993).

Although the duration of gene expression may be short, this limitation may be less important where
the goal of therapy is rapid eradication of tumor cells.

V.A.4. Gene Therapy for Mesothelioma: A Model to Study Gene Therapy for

Localized Malignancy?
Although our protocol will focus on a group of patients with mesothelioma, we feel that this tumor

will serve as a valuable paradigm for other tumors that exert morbidity and mortality by growth

within a defined anatomic space and for the application of gene therapy to tumors, in general. Such
cancers would include those of the brain, ovary, bladder, as well as metastatic disease to the

leptomeninges. Other investigators have demonstrated the feasibility of this approach in brain

tumors and leptomeningeal metastasis using HSVf/c-producing retroviruses (Culver et al, 1993;

Ram et al, 1993; Ram et al., 1994). Recently, Woo's group has shown that the size of brain tumors

in mice could be reduced after stereotaxic implantation of an Ad.RSVf/c vector (Chen et al, 1994).

Efforts are currently beginning at the University of Pennsylvania to apply this technology towards

the treatment of brain tumors.

Because there are currently no approved protocols using adenovirus for cancer therapy, we feel it

will be important to obtain clear biologic endpoints of response. For this reason, we have
incorporated a biopsy procedure designed to measure the efficacy of viral transduction and the local

effects of such transduction. The ease with which pleural biopsies can be obtained compared to brain

biopsies is an advantage of this protocol.

V.A.5. Gene Therapy of Mesothelioma: Short and Long Term Objectives

The need for alternative approaches to the treatment of mesothelioma are clear. Our preliminary

data suggest that Ad.RSVf/c can penetrate deeply within established tumors and effect tumor

eradication. Our short term goals will be to 1) determine the safety and efficacy of instilled

Ad.RSVf/c vector followed by treatment with GCV and 2) to analyze some of the biologic and

immunologic features of this drug delivery system. Based on these results, we will design studies to

more closely approach our long term goal, the cure of patients with malignant mesothelioma. This

may involve multiple treatments. It is also possible, if not likely, that because of the large amounts
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of bulky disease in most patients, Ad.RSVf/c will be most useful as an adjuvant to a surgical debulking
procedure.

V.B. Preclinical Data
V.B.1. Production of Recombinant Adenovirus Containing HSV-Thymidine Kinase
Recombinant adenoviruses were generated that express the HSVrKgene. Detailed descriptions of the

methods used to construct the vectors and produce the viruses are provided in Section V.D.

The recombinant virus used in this protocol, H5.010RSVTK', is based on replication deficient

serotype 5 adenovirus. In this vector, sequences spanning the El region from 1 to 9.2 map units are

deleted and replaced with a RSV promoter, HSVTK" cDNA, and SV40 late gene polyadenylation

sequences. The recombinant virus is partially deleted of E3 sequences.

V.B. 2. In Vitro Studies Using Human Mesothelioma Cell Lines
Cell lines: (see Appendix A-Smythe et al. 1994a): We have obtained 5 well characterized cell lines

derived from human mesothelioma from Dr. Joseph Testa (Fox Chase Cancer Institute) and have
developed and characterized an additional, highly malignant line (REN) from a patient with an
inflammatory mesothelioma (Smythe et al., 1994a). All of tumors exhibited appropriate

immunoperoxidase staining patterns (negative for mucicarmine, CEA and Leu-Mi antibody

staining). We have focused on two of these lines, the REN line from our lab and the 1-45 line from

Dr. Testa.

Replication-deficient adenovirus is an effective vector for transfer of recombinant genetic material

into mesothelioma cells in culture (see Appendix-Smvthe et al. 1994a1 : To test the ability of

adenovirus to infect human mesothelioma cell lines, the 1-45 and REN lines were exposed to an
adenovirus vector containing a marker gene (H5.010RSV/acZ) in cell culture. This construct is a

type 5 adenoviruses in which significant portions of the El and E3 genes have been deleted, thus

rendering the virus replication incompetent. The marker gene, lacZ gene (encoding for E. Coli p-

galactosidase (p—gal) is driven by a Rous Sarcoma virus (RSV) promoter.

At a MOI of 102 viral particle per cell or greater, the H5.010RSV/acZ vector construct transfected

75-90% of both cell lines with minimal cytotoxicity (cytotoxicity defined by loss of adherence to

culture plate surface within 24 hours of infection) (see Fig. 1 and Table 1 in Smythe et al., 1994a)

Expression of this construct was detected by addition of the p-gal substrate, X-gal (5-bromo-4-

chloro-3-indolyl-b-D-galactosidase), which is easily identified in culture by light microscopy by

virtue of a staining the infected cells an intense blue color (Fig. 1 in Smythe et al., 1994a).

Adenovirus-mediated transfer of the HSVTK gene to mesothelioma cell lines sensitizes them to

ganciclovir treatment in vitro (see Appendix B-Smvthe et al. 1994b): To determine the ability of

H5.01 0RSV7X to confer sensitivity to ganciclovir (GCV) in a manner similar to that described for

the retrovirally delivered HSVTK, the human malignant mesothelioma cell lines 1-45 and REN were
infected by adenoviral vectors carrying either the HSVTK gene driven by an RSV promoter
(H5.010RSVTK) or a marker gene (H5.010CMV/acZ) at a concentration of 100 particles per cell

(see Smythe et al., 1994b). Cell lines were stained with a polyclonal antibody against HSVTK
provided by Dr. William Summers of Yale University. Two days after infection, the HSV77C enzyme
was expressed strongly in about 40% of cells and to lesser extent in many other cells (see Figure 1,

in Appendix B).

To test the functional ability of the viral TK protein, non-infected and infected cells were then plated

at sparse density and exposed to varying concentrations of GCV in media for 4 days. Viable cell

growth was then assessed by colorimetric assay measuring viable cell dehydrogenase activity.

Transduced cells were 103-104 times more senstive the toxic effects of GCV than non-transduced or

H5.010CMV/acZ transduced cells (see Fig. 2 of Appendix B, Smythe et al., 1994b). These data
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indicate that transfer of the HSVTK
-

gene renders these cells extremely sensitive to GCV mediated cell

killing, with concentration needed to kill 50% of cells (IC50) ranging from approximately 0.05 uM
to 2.0 uM (in one study of normal cell sensitivity to GCV, most cell types were sensitive only in the

100-3000 uM range (Matthews and Boehme, 1988).

A Strong "bystander" Effect Occurs in HS.OIORSVTK infected cells in vitro (see Appendix-Smvthe et

aL 1994bV. To determine if mesothelioma cells would show a "bystander" effect, near-confluent

culture flasks of malignant mesothelioma cell lines were infected with H5.010RSVTK' at a

concentration of 100 particles per cell. Twenty-four hours after transfection, the cells were
trypsinized, mixed with uninfected cells at varying ratios and plated onto multi-well cell culture

plates. Following an additional 24 hours the cells were treated with a 20 pM solution of ganciclovir

diluted in normal cell media for 4 days. The cultures were then assessed for viable cell growth by a

colorimetric assay measuring dehydrogenase activity. There was no diminution in the efficacy of

GCV treatment until the ratio of infected:uninfected cells exceeded 1:10 (see Figure 3 in Smythe et

al. 1993b). These data indicate that a strong bystander effect is present, similar to that reported

for retrovirally-transduced HSMTK experiments. GCV was almost completely effective at dilutions

of cells of up to 1:10. Significant effects were still noted at dilutions of up to 1:100.

In summary, adenovirus effectively infects human mesothelioma cells in culture. We have developed

an adenoviral vector containing the HS\/TK gene that efficiently transduces mesothelioma cells and

renders them sensitive to the toxic effects of ganciclovir. We have also demonstrated that a strong

bystander effect is present using the H5.010RSV77VGCV system.
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y g 3 Studies Using the H5.0 1 ORSVTK Vector in Animal Models of Human Mesothelioma

Animal Models of Human Mesothelioma Have Been Developed, (see Appendix A-Smythe et al.

1 994a) : Both a subcutaneous flank tumor model and an intraperitoneal model of mesothelioma

have been developed in Severe Combined Immunodeficient (SCID) mice by injection of 1-45 and
REN cells (Smythe et al., 1994a). In the flank tumor model, 5-10 million cells in log phase
growth are injected subcutaneously.

Measurable tumors grow in a reproducible fashion

(see below). In the intraperitoneal model, 30 to 60
million REN or 1-45 cells are injected into the

peritoneal cavities of SCID mice. Within 7-10 days,

tumor nodules are noted on peritoneal surfaces. By

30 days large tumor deposits are present-most
notably in the small bowel mesentery, lesser

omentum, splenic hilar area, and biliary tree (see

Appendix C and Fig. 1 -panels A, C, E- arrows).

Uniform death of animals is noted at 5-7 weeks,

usually due to biliary or bowel obstruction. We have

chosen the intraperitoneal rather than pleural model
since it is extremely difficult to introduce cells into

the pleural cavity of mice without causing death due
to bilateral pneumothorax (the two pleural cavities

are in communication). Since 20% of mesotheliomas

arise from the peritoneum, we feel this model is

appropriate and will allow easy extrapolation to the

pleural cavity.

Figure 1

We have also developed a rat pleural model of mesothelioma by injection of a rat

mesothelioma cell line (11-45- provided by Dr. Cheryl Walker, M.D. Anderson Cancer
Institute) that was derived from asbestos exposed Fisher rats. Injection of one million

cells into the pleural cavity of Fisher rats results in a rapidly growing tumor that encases
the thoracic organs and leads to death in 20-25 days (see Fig. 2, below). Panel A shows the

thoracic cavity of a rat injected with tumor two weeks previously showing massive tumor
growth and throughout the thorax. The head of the animal is at the top of the Figure. The
heart has been removed. The right lung (RL) and left lung (LL-arrowhead) are visible

but encased in tumor (tu-arrows). There are nodules of tumor on the chest wall (cw) and
throughout the mediastinum. Panel B shows a close-up of the chest wall of another rat.

There are many tumor nodules (tu- arrows) surrounding the lung (L) and on the chest

wall (cw).

Fig. 2
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Replication-deficient adenovirus is an effective vector for transfer of recombinant genetic material

into mesothelioma tumor cells in vivo (see Appendix A-Smythe et al. 1994a) : To test the ability of

adenovirus to transfer genetic material to tumor cells in an in vivo setting, SCID mice were injected

intraperitoneally with H5. 01 OCMV/acZ following establishment of intraperitoneal REN tumor. At

necropsy, all animals had nodular growth of REN xenograft tumor at scattered sites throughout the

abdominal cavity. Microscopic examination of X-gal-stained frozen sections of tumor and organs in

animals administered 1.5 X 10 11 particles in 0.2 cc showed uniform and extensive transfer of the

lacZ gene with expression of p-gal in all areas of the normal mouse mesothelium covering the

surfaces of abdominal organs (See Fig. 2, large arrows-Smythe et al., 1994a). In addition,

extensive transfer of the lacZ gene was noted in all tumor nodules sectioned, as well as in smaller

areas of tumor found incidentally adherent to abdominal organs as these were examined. As might be
expected, surfaces of the tumor nodules exhibited extensive gene transfer, however, much deeper
regions of the nodules also exhibited transfer of the lacZ gene as evidenced by positively staining

areas (Fig. 2, arrowheads-Smythe et al., 1994a). No positive staining of within the abdomen, other

than mesothelium, were noted, except for some scattered cells within the liver. Organs removed
from a sham-infected animal exhibited neither intrinsic tissue p-gal activity nor evidence of false-

positive X-gal staining artifact.

Subcutaneous xenoorafted human mesothelioma tumors generated from cells transfected with

H5.01 ORSV 7~/< are completely eliminated with ganciclovir treatment in vivo (see Appendix C-

Smvthe et al. 1994c1 : To determine if GCV could induce cell death in a tumor growing in an

experimental animal, 20 million 1-45 cells infected in vitro with either H5.010RSVTK' or
H5. 01 OCMV/acZ at an MOI of 100, were injected into subcutaneous flank tissues (R flank=/acZ, L

flank=HSV77<) of three Severe Combined Immune Deficient mice. By day three, the animals had
developed bilateral tumors of 6-8 mm. diameter and began treatment with 5 mg of intraperitoneal

GCV/day. By day ten, left flank tumors in all animals (HSV77< side) were undetectable, with

continued growth of the tumors derived from H5.01 OCMV/acZ infected cells (Fig. 1-Smythe et al.

1994c- Appendix C). Animals followed an additional two weeks after the cessation of GCV treatment

showed no recurrence of tumor.

Established Intraperitoneal tumors were erradicated in SCID mice using the H5.010RSVT/<'/GCV
System (see Appendix C-Smvthe et al. 1994c1 : Based on these results, we designed experiments to

evaluate in situ treatment of pre-existing mesothelioma in our model that approximated human
disease. Forty million REN cells were injected into the peritoneal cavity of 30 SCID mice. Five days
later, when macroscopic tumor nodules of 1-2 mm were present, we injected a control vector

(H5. 01 OCMV/acZ
)

into 6 mice, our therapeutic gene construct (H5.010RSV7K) into 15 mice, and
diluent (sham-infected) into 9 mice via the intraperitoneal (IP) route. The dose of virus was 6 x

10 9 pfu. Animals were treated two days later with IP GCV at a dose of 5 mg/day (200 mg/kg) or

saline for seven days. One month after initial tumor inoculation, animals were euthanized and
carefully necropsied. There was no grossly detectable disease in the 10 mice of the

H5.010RSV7K7GCV group (Fig. 1, panels B,D, and F-previous page or Fig. 3B,D,F in Smythe et al.,

1993c) with the exception of one animal who had a solitary 3 mm macroscopic tumor nodule. In

contrast, all but one of the 20 animals in the other groups had an extensive burden of

intraperitoneal tumor (Table 1 and Figs. 2 & 3 in Smythe et al., 1993c). Scattered tumor nodules

of up to 1.5 cm in diameter were noted in these animals, many of which were partially obstructing

the bowel or biliary tree (Fig. 1 -previous page or Fig. 3 A,C,E in Smythe et al., 1993c). In

addition to macroscopic disease (found primarily in the upper abdomen; pancreatic mesentery,

region of the porta hepatis and diaphragm, all control animals exhibited microscopic tumor
uniformly throughout the upper abdomen (Fig. 2D,E,F-Smythe et al., 1993c). Microscopic

examination of intraabdominal organs and tissues removed from animals in the HSVTK/GCV group by

conventional H&E staining of paraffin sections or a more sensitive staining technique utilizing an

antibody against the human HLA-Class 1 shared determinant (Table 1 and Fig. 2D,E,F-Smythe et al.,

1993c) showed evidence of tumor in only two of the ten mice. In one animal (who also had the
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macroscopic nodule), the disease was detected in one small area in the porta hepatis. In the other
mouse, there was one small nest of tumor cells (smaller than those shown in Figure 2F-Smythe et

al., 1993c) adherent to the surface of the small intestine detectable only by anti-human HLA
immunostaining. These studies have been repeated with an additional human mesothelioma line (1-

45) with virtually identical results.

We have extended these studies to look for a survival advantage after gene therapy (See Smythe et

al., 1994c). Groups of animals (7 per group) were given intraperitoneal injections of

mesothelioma and then treated with (1) vehicle alone, (2) H5.010CMV/acZ plus GCV, (3)

H5.01 ORSV TK without GCV, or (4) H5.010RSV77<
r

plus GCV. Almost all animals in the first three

groups died within 8 weeks of tumor injection (median survival between 35-51 days). In marked
contrast, the median survival of the HSVTK/GCV group was 77 days, with 1 animal still alive at the

time of writing (>25 weeks). Four of the H5.010RSVTK-treated animals that died were necropsied.

Although two of the four animals had a small tumor nodule, as best as could be determined, the cause
of death in each case appeared to be due to bowel obstruction due to adhesions and scarring. We
postulate that this fibrosis was due to the inflammatory response associated with tumor regression.

Obviously, bowel obstruction and fibrosis will not be a problem with intrapleural tumor.

Established Intrapleural tumors were successfully treated in Fisher rats using the

H5.01 ORSVTK/GCV System. We have also examined the efficacy of the HSVTK/GCV system in a

pleural model of mesothelioma in an immunocompetant rat (see above). To this end, we first tested

the ability of adenovirus to infect rat mesothelium. Injection of 2 x 10 10 pfu of H5.010RSV/acZ in

a volume of 0.25 ml resulted in clear cut expression of p-gal in about 50% of the visceral and
parietal pleural mesothelial cells with no gene transfer to the underlying lung or chest wall. We
therefore used this virus to treat established pleural tumors created by injection of 1145 rat

mesothelioma cells into the thoracic cavity. Injection of 2 x 1010 pfu of HS.OICRSVTK' into the

pleural space, five days after tumor injection, followed by intraperitoneal administation of GCV at

50 mg/kg markedly inhibited the growth of tumor (see Figure 3 below). Injection of

H5.010CMV/acZ had no effect on tumor growth. Tumor mass was assessed by determining the weight

of all visible tumor.

Figure 3

Treatment of Rat Pleural Mesothelioma with Ad.RSVtk

Ad.tk/GCV Sallne/GCV

Treatment

In summary, we have demonstrated that the H5.010RSVTK/GCV system is effective in eliminating

tumors created by pre-transduced cells and that a strong in vivo bystander effect is present. In

addition, we have successfully used this system to effectively treat macroscopic, established tumor
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nodules of human malignant mesothelioma within the peritoneal cavities of SCID mice and the

established mesothelioma nodules in the pleural space of rats. These results indicate that the

H5.01 ORSV TK/GCV system is a promising novel therapeutic approach for the treatment of

mesothelioma in patients.

V.B.4. Safety Studies in Rodents
We are currently concluding our preclinical toxicity trials in rodents. The trials were designed to

mimic the proposed clinical trials. Groups of male and female rats (16 per group) were given virus

intrapleurally followed by ganciclovir (10 mg/kg) x 14 days given intraperitoneally (see Table I

below). This dose of GCV is the same as will be used in the clinical trial and induces tumor
regression in preinfected rat mesothelioma cells implanted subcutaneously. Virus was given at 2

doses, 1 x 10 10 and 2 x 1010 pfu. When corrected for relative size (the human is 250-300 times

larger than the rat), the higher dose used in the toxicity trials would translate to 6 x 1012 pfu of

virus. This dose is six times higher than the highest dose to be tested in the clinical trial. These
doses are near the maximal that can be given due to technical limitations that include 1) the

maximum concentration of viral particles that can be produced is 3 xIO 13 particles/ml= 6 x 1011

plaque-forming units/ml, 2) the fact that we must dilute the stock virus by at least 1:5 to avoid

toxicity due to the 10% glycerol in the viral stock solution, and 3) the relatively small volume (i.e.

0.25 ml) that can be injected into the rat thoracic cavity. Thus, the maximal possible dose of virus

that is technically feasible would be: 6 x 10 11 pfu/ml diluted 1:5 (= 1.2 xIO 11 pfu/ml) x 0.25

mis = 3 x 10 1 0 pfu.

After instillation of virus and injection of GCV, blood samples were collected and necropsies

performed according to the following schedule. All studies were carried out using Good Laboratory

Practices (GLP) procedures.

Table I

Time Rx Rats Remainina Blood Tests Necropsy

Day 0 H5.010RSV77< 1 6 4

Day 2 GO/ 1 6

Day 4 GCV (cont) 1 6 4 4

Day 8 GCV (cont) 1 6 4

Day 11 GCV (cont) 1 2 4

Day 16 Stop GCV
Day 18 1 2 4 4

Day 24 8 4

Day 28 4 4 4

Day 60 4 4

This study is now over and analysis of the blood and necrospy results are being completed. All the

animals appeared healthy. There was only one death, and this was secondary to complications of

cardiac puncture performed to obtain blood for study.

There were no abnormalities seen in the blood tests which included determinations of hemoglobin,

WBC’s, albumin, globulin, LDH, AST, ALT, GGT, Bili, Aik Phos., electrolytes, Cr, Calcium,

phosphate, urate, glucose, amylase and lipase. A summary of these lab tests is included as Appendix

D.

Preliminary necropsy results showed no treatment-related lesions grossly. All histologic findings,

including hepatic subcapsular hemorrhage, peribronchial/perivascular lymphoid infiltrates, and
cardiac inflammation were considered spontaneous in nature in this strain of rat or were incidental
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findings. The only other finding on microscopic exam was the presence of cytoplasmic basophilic

granules in the livers of most animals. The significance of this finding is currently unclear,

however, no inflammation, necrosis, apoptosis, or other abnormalities of the liver were noted. As
mentioned above, we detected no evidence of biochemical liver injury in any liver function tests. We
are planning to conduct additional studies with untreated animals to help assess the meaning of this

histologic finding.

A more detailed preliminary report is contained in Appendix E.

In order to look for dissemination of the virus, a sensitive PCR based system that will allow

detection of small amounts of message has been developed (See Figure 4 on the following page).

Primers were designed to span a region of 18 base pairs on either side of a 500 basepair region of

HSVTK gene. These primers were tested in PCR using the H5.010RSV7K plasmid as template (see

lane 4) and produced the appropriate sized DNA (arrows). The sensitivity and specificity of the

primers was tested by extracting mRNA from untransduced REN mesothelioma cells and REN cells

transduced with varying MOI's of HS.OIORSVTK; performing reverse transcription, and using this

cDNA for PCR. As shown in Figure 4, no HSV7K message was present in untransduced REN cells. In

contrast, detectable message was present in cells transduced with as few as 0.001 pfu/cell.

Although not truly quantitative, the amount of the 500 bp product was proportional to the MOI of

virus. The utility of the primers in tissues was confirmed by doing RT-PCR on mRNA extracted

from tumor tissue. When RNA from non-transduced tumors were examined no band at 500 bp was
noted despite a positive control with actin (not shown). In contrast, a very strong signal was
obtained from tumor tissue harvested from an animal injected with REN cells that had been
preinfected with H5.010RSV7X six days earlier.

These results demonstrate that mRNA for HSVTK can be detected from tumor tissues with a high

degree of sensitivity and specificity. We next used this assay to analyze the organs of mice injected

with the H5.010RSV77<. Mice with established tumors were injected with virus (6 x 109 pfu)

intraperitoneally. Two days after injection, the mice were sacrificed and their tumors and organs

removed. RNA was extracted for use in RT-PCR with mouse p-actin (as a positive control and HSMTK
primers. These results are shown in Figure 5 on the next page. As expected, the primers amplified

the correct sized band from REN tumor cells infected with HSVTK in vitro (Lane 1) and from the

plasmid containing the HSVTK’ cDNA (Lane 2). No bands were seen when template was not added
(Lane 3) or in tumor cells uninfected with HSV77< (Lane 4). HSVTK message was detected in a tumor

nodule (Lane 12), and in smaller amounts in liver (Lane 8), and kidney (Lane 13) from infeced

animals. This TK message may have been from the mesothelial cells surrounding the liver and
kidney. In contrast, n& message was detected in any extra-abdominal organs including brain (Lane

5), skeletal muscle (Lane 6), heart (Lanes 7 and 10), lung (Lane 11), and salivary gland (Lane 9).

These results are consistent with our findings using p-gal staining, in which the only tissues where
we have seen expression of transgene has been the normal mesothelium and liver after

intraperitoneal injection of virus into animals with tumor. In these cases (using a LacZ marker
adenoviral construct), we saw diffuse mesothelial staining and staining of scattered cells within the

hepatic parenchyma.
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Figure 4

PCR Amplification of Thymidine

Kinase in Cells and Tumors
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RT-PCR of Organs and Tumors of Animals Infected with Ad.RSVT/C
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V.B.5. Previous Experience Using Adenovirus in Human Clinical Trials

for the Treatment of Cystic Fibrosis

Dr. James M. Wilson and colleagues at the University of Pennsylvania have initiated a gene therapy

phase I clinical to test the safety and toxicity of recombinant adenoviruses for the potential use in

cystic fibrosis patients. The original protocol was submitted to the Recombinant DNA Advisory

Committee (R.A.C.) in the Fall of 1992 and approved soon afterwards (see Wilson, 1994).

The basic protocol is as follows. Patients were taken to the bronchoscopy suite where baseline

bronchoalveolar lavage (BAL) and bronchial brushing samples are obtained from a segment in the

left lower lobe. Four days later, the patient returned to the bronchoscopy suite where BAL and
bronchial brushings were obtained from the segment that received the virus. Approximately seven
days after initial virus instillation, nasopharyngeal and rectal swabs were analyzed for the presence
of viral DNA using a sensitive PCR test. When the patient demonstrated negative PCR analysis of

three serial rectal and nasopharyngeal samples, he or she was discharged from the hospital.

Samples recovered from BAL and bronchial brushings were analyzed for evidence of recombinant

gene expression using a variety of molecular, biochemical and functional assays.

The first seven patients were adults, ranging from 22 to 36 years of age, with equal distribution

between males and females. To date there have been no adverse clinical outcomes, either as a

consequence of the bronchoscopies or in response to the virus. No significant findings have been
observed in these studies except for the transient (lasting less than six hours) development of an
infiltrate in the area of the lung that was lavaged. This was likely due to retained fluid that was
quickly absorbed. One very consistent finding was a transient elevation in liver transaminases at

the beginning of the protocol found in most of the patients. This was not associated with clinical

evidence of hepatitis and the biochemical profile did not suggest an obstructive picture. Serum
transaminases declined to normal levels within one week after gene transfer.

Careful assessment of the patients for shedding of recombinant virus was performed. It was
necessary to demonstrate the absence of virus in nasopharyngeal and rectal samples on three

consecutive days following instillation of virus before discharge was authorized. The specific assay

that was used is based on PCR amplification of the viral genome with transgene specific

oligonucleotides. Samples were also analyzed for recovery of Ad5 sequences using a similar

approach with oligos spanning the hexon gene. Vigorous swabbing of nasopharyngeal and rectal

mucosa allowed recovery of enough biological material for extraction of DNA. The purified,

recovered DNA was subjected to PCR amplification using nested primers. This analysis allowed

detection of 1*10 viral genomes per tube. These analyses failed to detect viral DNA in samples

recovered after virus administration from patients CF2 through CF7. Initial PCR analysis of

nasopharyngeal swabs of patients CF1 were positive on days 1 and 3 following instillation of virus.

Subsequent studies indicated that this was likely due to a false positive reading and the patient

subsequently remained negative.

In order to detect and quantitate gene expression in airway epithelial cells, inflammatory cells in

BAL, as well as epithelial cells isolated by bronchial brushing of the distal and proximal portion of

the bronchus that received virus were recovered. Samples obtained on the contralateral side prior

to virus instillation were used as controls. The molecular characterization of these samples using

techniques of PCR for DNA and RNA as well as in situ hybridization were performed in the Cell

Morphology Core. Hybridization to the antisense probe gave a nonfocal diffuse background in cells of

proximal and distal airway that were harvested four days after gene transfer. This signal was
indistinguishable from that obtained with the sense probe. This negative result indicates little, if

any, gene transfer obtained with this dose of virus.

Another scientific question addressed in this protocol was an evaluation of the recipient's response to

the recombinant virus. Peripheral blood mononuclear cells are being harvested and cryopreserved

for subsequent analysis of CTL and helper T cell function. Sera was also analyzed for neutralizing
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antibody, a biologically relevant assessment of antibody function that is serotype specific. Patients

CF1 , CF2, CF3, CF4 and CF6 did not demonstrate neutralizing antibodies to Ad5 before or after gene
transfer. However, patients CF5 and CF7 had large quantities of neutralizing antibodies before gene
therapy (i.e., both were positive at 1:320) that remained unchanged after gene therapy. Analysis of

sera for antibodies by complement fixation were noncontributory in that 5 patients (CF1, CF2, CF3,
CF6, and CF7) were negative before and after gene transfer; patients CF4 and CF5 had detectable

complement fixation assays before gene transfer that remained unchanged. Complement fixation did

not correlate with either Westerns or neutralizing assays.

V.C. Experimental Design
V.C.1. Summary of Phase 1 Clinical Protocol
The purpose of the Phase I study will be to determine the maximal tolerated dose of Ad.RSVf/c virus

instilled into the pleural space, to evaluate the biological effects of therapy and to evaluate, in

preliminary fashion, any response rate. To accomplish this, patients with a presumed diagnosis of

malignant mesothelioma will recruited. Patients will be staged radiographically with a chest

radiograph and chest CT scan and a video thoroacoscopic procedure will be performed during which

biopsies will be taken to confirm the diagnosis of mesothelioma and disease extent assessed. A chest

tube will be placed at the time of surgery. On the following day (post-op Day 1), virus will be

instilled via the chest tube and the tube removed. Three days later (post-op Day 5), the patients

will undergo a second video thoroacoscopy in which biopsies will be taken to evaluate the efficiency

and extent of gene transfer. On the next day (post-op Day 6), intravenous ganciclovir (GCV)
therapy will begin at a dose of 5 mg/kg BID for 14 days. The patients will be carefully evaluated for

evidence of toxicity, viral shedding, immune responses to the virus and radiographic evidence of

tumor response.

V.C. 2. Patient Selection

We will use a standard Phase I design. Four dose levels will be tested with three patients at each dose

level. There will be a month interval between the last patient’s treatment at a dose level and the

first patient at the next higher level. Because of the large Naval shipyard in Philadelphia, we
routinely evaluate between 30-50 patients with mesothelioma per year at H.U.P. If additional

patients are needed, they will be recruited from Philadelphia and the surrounding tri-state area by

contacting physicians (Pulmonary physicians, oncologists, and surgeons) who are known to treat

patients with mesothelioma in person, by telephone, and by letter. The list of physicians will be

obtained from the American Thoracic Society, The American College of Chest Physicians, the

Philadelphia Society of Pulmonary Physician, The University of Pennsylvania Cancer Center, and
the American College of Surgeons. Announcement of the Clinical Trials will also be made in local

trade journals and in the monthly publication sent out to local physicians by the Medical Center.

Eligibility Criteria

Detailed eligibility criteria are outlined in the attached Clinical Protocol. All patients must have

histologically proven malignant mesothelioma of pleural origin, which cannot be surgically

resected, have measurable or evaluable disease, and must be able to tolerate two surgical biopsies.

We will exclude patients who are not able to clearly understand the consent form, who have received

prior chemo- or radiation therapy, who have a history of malignant disease other than non-

melanotic skin cancers, who have evidence of widespread metastases, or who have other serious

illnesses.

V.C.3. Clinical Protocol
Screening evaluation

Evaluation will be performed within four weeks of gene therapy. Written informed consent (see

Appendix) will be obtained prior to participation in the screening evaluation. Information obtained

during screening will include history and physical exam, evaluation of performance status, clinical

laboratory blood tests, pulse oximetry and arterial blood gas, electrocardiography (12-lead), PA
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and lateral chest x-ray, CT scans and other indicated radiographic screening, Measurement of viral

shedding, and immunological testing of pre-gene therapy blood for reactivity against adenovirus and

the presence of cytotoxic T-lymphocytes.

Pretransfection treatment

Patients will be admitted to the Thoracic Surgery Service of the Hospital of the University of

Pennsylvania (H.U.P.) and will undergo standard pre-operative evaluation and preparation. On Day
1 ,

patients will undergo a diagnostic video thoracoscopy under either regional or general anesthesia.

Utilizing standard thoracoscopic operative techniques and real-time imaging equipment, Dr. Kaiser

and his assistants will visually inspect and photograph the pleural surfaces of the lung,

mediastinum, chest wall, and diaphragm to document the extent and location (relative to standard

anatomic landmarks) of tumor. Biopsies will be taken from parietal pleura at the apex, diaphragm,

lateral chest wall, mediastinal pleura, and visceral pleura. Biopsy tissue will be evaluated both by
frozen section, permanent histologic sections, and electron microscopy. Special stains using

immunohistochemical techniques will be used to support the diagnosis of mesothelioma. Any pleural

fluid removed at the time of this procedure will be evaluated by routine chemistry, microbiology and
hematology, and cells will also be evaluated by cytopathology. A chest tube will be placed in the

pleural space and placed to suction. The patients will be returned to the recovery room and their

hospital room after surgery.

Transfection

The diagnosis of mesothelioma will be confirmed. On Day 2, one day post-videothoracoscopy, the

patient will be moved to the GCRC, where he/she will remain for the remainder of the stay under

strict isolation conditions. The appropriate dose of virus will be instilled into the chest tube

dissolved in 50 ml of normal saline. We will begin by instilling the Ad. RSVt/r virus at a dose of 10^
plaque forming units (pfu) into 3 patients. If there is no toxicity observed, we will increase the

dose by one log as described in detail below to a maximum dose of 1 0^ pfu. After 2 hours, the chest

tube will be removed. Vital signs including blood pressure, pulse, temperature, and respiratory

rate will be measured and recorded every 1 5 min for the first hour, every 30 minutes for the next

two hours, every one hour for the next six hours, and every four hours for the rest of the week
post-transfection.

Post-transfection Protocol

Patients will be observed closely on Day 3 and Day 4. On Day 5, the patient will be taken

to the operating room to have a repeat videothoracoscopy performed under local anesthesia. At this

time biopsies (3-5) will be taken at standardized locations in order to determine the efficacy and
characteristics of gene transfer (See Specific Aim #3). Additional biopsies will be taken where the

pleura appears “normal". The location and orientation of each biopsy specimen will be marked by

Drs. Kaiser and Litzky. Biopsy specimens will then be evaluated by routine staining,

immunostaining, in situ hybridization, and PCR analysis. The patient will be returned to the CRC
after surgery and remain in isolation.

On Day 6, the patient will begin receiving ganciclovir at a dose of 5 mg/kg via IV infusion

over one hour given BID. This will continue for 1 4 days with monitoring as described below. On
Day 20, after the last dose of GCV, the patient will be discharged and followed closely as an

outpatient via the schedule below. Further therapy will be at the discretion of the treating physician

and be determined by the clinical situation. For example, the patient may require pleural sclerosis

for the control of symptoms associated with an effusion.

While in the hospital the patient will have his/her sputum, nasal swab, urine and stool

analyzed for replication competent adenoviruses of any serotype using standard adenovirus assays.

These samples will also be evaluated for HSVt/r recombinant virus using a F>CR assay. In the unlikely

event that the patient continues to shed recombinant adenovirus in the airway, he/she will be kept in

the hospital for a longer period of time.

The following monitoring schedule will be used:
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The following monitoring schedule will be used:

every

other

Pre-Studv d 2-7 d7-20 d3Q Q weekly week Q monthly

Qday CCD x4 x2

History and Physical Exam X X X X X X
Weight X X X X X X
Performance Status X X X X X X
CBC, Platelets, Diff X X X X X X
BUN, Creatinine X X X X X X
Calcium X X X X X X
Bilirubin, SGOT, SGPT X X X X X X
Alkaline Phosphatase X X X X X X
Chest x-ray X X X X
Chest CT Scan X X-then every 2 months

Arterial Blood Gas xi

EDG xi

Urinalysis xi

Abdominal CT Scan X2

Bone Scan X3

Bone Radiographs X4

Head CT/MRI X5

Thoracentesis2

Tests for viral shedding X X X X X X
Immune Response Tests X6

1 repeated if clinically indicated

2 performed if clinically indicated

3 optional, unless patient is symptomatic or alkaline phosphatase is elevated
4

if bone scan is positive

5 only if symptoms suggest intracranial metastasis

3 blood will be obtained for serological analysis and measurement of cell mediated immunity on
Days 7, 14, 20, 28 and q monthly x 4 afterwards

V.C.4. Evaluation of Therapy
The patients will be carefully monitored for toxicity, virus shedding, immunological

response to HSVf/c protein or adenoviral proteins and efficiency and stability of gene transfer .

Although, the phase I trial was not designed to evaluate efficacy, we will obviously closely follow the

clinical response to the tumor.

1. Systemic toxicity: Serial examinations will include history and physical examination, routine

vital signs, temperature, and body weights. We will frequently measure blood chemistries,

hematologic, and coagulation parameters.

2. Thoracic toxicity: Serial chest radiographs and chest physical exams will be performed. Any
complaints or abnormalities will be evaluated by arterial blood gases, CAT or MRI scans, and
pulmonary function tests if clinically indicated. We will be focusing particularly on evidence of

pleural infection or inflammation. If pleural effusions appear or persist, a sample will be removed
by thoracentesis and the fluid analyzed for microbacterial growth, cellular content, cytology, etc. In

addition, pleural fluid will be analyzed for evidence of immune activation and of gene transfer.
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3. Viral Shedding: Patients will have samples from nasopharyngeal swabs, sputum, and stools sent

for viral culture. In addition, any pleural fluid obtained will be sent for viral cultures.

4. Efficacy: Although this is a Phase 1 study, patients will, of course, be followed closely after

treatment for any signs of efficacy as evidenced by improvement on chest radiograph or CAT/MRI
scan. If patients undergo further surgical procedures (as clinically indicated), careful evaluation of

tumor extent will be obtained.

5. Immunological Responses: A major aspect of this protocol will be to evaluate the immunologic
response of the patient to intrapleurally delivered adenovirus. We will monitor both the generation

of cellular immune responses and the generation of cytotoxic T-lymphocytes (CTLs), as well the

development of neutralizing antibodies.

Cellular Immunity. In order to detect virally directed CTLs, we will study the ability of patients T-

lymphocytes to lyse and to proliferate in response to autologous cells which have been transfected

with adenovirus. These assays are in routine use in Dr. Wilson's labs (i.e. see Yang et al., 1994).
To conduct the CTL assays, we will first infect the autologous cells (lymphocytes or skin fibroblasts

-target cells) with no virus, H5.01 ORSVTK, or H5.01 ORSV/acZ adenovirus. Infection will be
accomplished by exposing the cells to virus (MOI 100) for two hours in tissue culture medium and

used two days after infection. Cells derived from peripheral blood or pleural fluid (effector cells)

will be tested for their ability to lyse ^Icr-labeled target cells.

Humoral Immunity: We will evaluate for the presence of neutralizing antibodies using a protocol

previously described in detail by our group (Kozarsky et al., 1994). The highest dilution of serum
at which cell viability is above 50% as determined by crystal violet intensity will be designated as

the neutralizing titer.

6. Efficiency and stability of gene transfer - One key feature of the protocol is the inclusion of a

biopsy procedure 3 days after viral instillation to provide an opportunity to assess gene transfer and

HSV7K expression. In order to evaluate the success or failure of this protocol, it will be critical to

know if successful gene tranfer occurred and to what extent We will use multiple approaches to

assess gene transfer including analysis of HSVT/C message by RT-PCR, Northern blotting, and in situ

hybridization. We will also look for TK protein using our polyclonal anti-HSVTK antiserum.

V.C.5. Toxicity Parameters and Dose Escalation

The proposed clinical protocol is a Phase I dose escalation study to evaluate toxicity of a one-time

administration of recombinant adenovirus. Specific criteria used to assess toxicity are summarized
in Appendix F. Continuation of the protocol will be reevaluated if major toxicity occurs.

Definition of Dose Limiting Toxicity (DLT)

Any toxicity requiring removal of the patient from study

Any grade; 3 or 4 non-hematological toxicity which might be attributable to Ad.RSVtk virus. Grade

4 myelosuppressive toxicity for >5 days.

Dose Escalation

If none of the patients treated at a given dose level experiences a dose limiting toxicity (DLT), then

Ad.RSVtk virus is escalated to the next higher dose in the 3 subsequent patients. If one of the three

patients experiences a DLT at a dose level, then three more patients will be accrued to the same dose

level. If none of these additional patients suffers DLT, then the dose will escalated in subsequent

patients. If at least one of the additional patients does have DLT, the MTD has been exceeded and three

more patients are treated at the prior dose level (if only 3 patients were previously treated at that

prior dose). The MTD is the dose level at which 0/6 or 1/6 patients experience DLT; and at least

2/3 or 2/6 patients treated with the next higher dose will have had DLT. Dose escalation will not
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occur until all 3 patients at the previous dose level have completed the first cycle of therapy and

four weeks have elapsed. Details of the toxicity reporting procedures are listed in the Clinical

Protocol.

V.C.6. Statistical and Analytical Plans

The primary goal of Part 1 of this study is to determine the optimal dose-schedule for Ad.RSVtk
given in combination with ganciclovir. This will be defined as the highest dose achieved with a

tolerated schedule. Table 2 gives the probability of escalating the dose of Ad.RSVt/r given the true

underlying toxicity rate.

Table 2.

Probability of Escalating Dose of Ad.RSVtk

True Toxicity Rate

Pr(escalating) 1 0% 20% 30% 40% 50% 60%
0.89 0.66 0.42 0.23 0.11 0.04

Thus, if the rate of dose limiting toxicity is 50%, there will be an 1 1 % chance of increasing the

dose of Ad.RSVtk Virus
* Zar JH: Statistical Analysis, 2nd edition. Englewood Cliffs NJ, Prentis- Hall, 1984

V. C.7. Risk Assessment
As in any clinical trial, there are certain risks that must be carefully considered. Some of

these are briefly listed here, along with our approach to minimize these problems- a full discussion

of each is included in the clinical protocol and consent form (See Section VI):

7. Videothoracoscopy and Chest Tube Placement

Several types of risks and discomfort can occur from videothoracoscopy and chest tube placement

including risks of anesthesia, bleeding, pain, fever/infection, allergic reaction to medications. In

Dr. Kaiser's hands this procedure has been extremely well tolerated and complications have been

minimal (Kaiser, 1993). These risks will be minimized using regional anesthesia whenever
possible. Other measures to minimize these risks are discussed in the protocol.

2. Risks/Side Effects of Ganciclovir (GCV)
The drug ganciclovir is an FDA approved drug for the treatment of cytomegalovirus retinitis in

immunocompromised individuals. We will use the known tolerated dose (10 mg/kg) for only 14
days. This should limit toxicity. However, GCV was not subjected to the full battery of toxicity

studies, because of its early release for compassionate use in patients with AIDS who had severe

viral infections with CMV or other herpes viruses. The complications listed in our Clinical Protocol

were thus generated from populations of AIDS patients that had been treated for severe virus

infections. It is likely that the side effects of ganciclovir will be less severe in Non-AIDS patients.

3. Complications Caused by the Virus:

Toxicity due to the adenovirus can be caused by several mechanisms.
a. Ectopic or overexpression of HSVt/c : We have performed a series of studies in animals to address

these issues. Infusion of Ad.RSVtkinto the pleural cavity of rats at very high doses followed by
treatment with GCV was not associated with any detectable gene expression (as determined by PCR)

in any organ system outside the chest. The normal mesothelium appears to be a good barrier to

prevent spread of the virus. A recent study by Crystal's group showed no evidence of transgene
expression outside the peritoneal cavity after IP infusion of an adenoviral vector containing the al-
antitrypsin gene (Setaguchi et al., 1994).
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b. Direct toxicity of the virus to the lung or chest wall : It is theoretically possible that the

adenovirus could induce direct toxicity to the cells of the lung or pleura. We saw no direct evidence
of this in our mouse or rat, thus think this unlikely.

c. Replication of the virus and expression of viral proteins : The virus has been engineered in a way
that the region responsible for activating its transcriptional units (El A), has been deleted. In

principal, therefore, the recombinant genome should not replicate or express viral proteins in the

recipient cell. In practice, certain cell types under special conditions can transactivate the viral

genes using endogenous cellular factors.

We have established a model of malignant mesothelioma growing in SCID mice as a way to assess the

therapy in a relevant biological setting. This model was used to evaluate the possibility of viral

protein expression and replication of the El deleted HSVf/c virus in the context of a human tumor.

These studies failed to detect viral protein expression or ongoing replication of the virus in human
xenografts that were stably expressing the recombinant gene, although it must be acknowledged that

the adenovirus does not replicate well in the mouse. The recent studies from Crystal's group are

relevant to this point. In these studies Setoguchi et al. (1994) used adenovirus to transfer the ocl-

antitrypsin gene to the peritoneal cavity of cotton rats, a species highly permissive for the

replication of adenovirus. They detected no expression of the transgene (as assessed by PCR) in any

organ within or outside the abdomen.

The recent studies of the Wilson group using adenovirus transfer of the CFTR (cystic fibrosis

transmembrane conductance regulator) gene in non-human primates and early human trials

confirm the relative safety of this approach to thoracically directed gene transfer (Simon et al.,

1993). Replication competent viruses have not been detected.

It is important to consider the consequences of the unexpected dissemination of the recombinant

virus or a replication competent derivative. Previous experience with adenoviruses in humans
suggests that they are relatively benign. Adenoviruses are endemic in the population causing a

variety of self limited infections. Infection with Ad5 causes mild respiratory infections

characterized by coryza, pharyngitis, fever, malaise, and tonsillitis. The relative safety of

adenoviruses was evaluated in a series of experiments, performed in the late 1960's and early

1970's, in which volunteers were exposed via the respiratory tract to wild types forms of

adenoviruses including the serotype used in this study (Ad5).

d. Oncogenesis: An additional consideration relates to the malignant potential of these gene transfer

reagents. In contrast to retroviruses which integrate into the genome, adenoviruses in general are

maintained in the genome as extrachromosomal elements which theoretically cannot cause a

secondary malignancy due to insertional mutagenesis. In support of this, is the fact that no human
malignancy has been directly linked to adenoviruses of this serotype.

e. Virus Mediated Cellular Immune Response : An important characteristic of currently available

recombinant adenoviruses is that gene expression is relatively transient and inflammation occurs at

the site of gene transfer. Although these represent clear limitations with regard to treatment of gene

deficiency syndromes, it is currently unclear how these characteristics will impact on either

toxicity or efficacy of cancer treatment. We will carefully monitor the patients for evidence of an

inflammatory response in the pleural space. If we detect an increase in pleural fluid, signs of

pleuritis or fevers, a thoracentesis will be performed with subsequent analysis of the fluid for

evidence of acute (polymorphonuclear) or cell mediated (lymphocytic) inflammatory response.

5. Toxicity of the HSVtk gene
The HSVf/c gene has no direct cellular toxicity by itself, without co-administration of the drug

GCV. The mechanism of action is related to competitive inhibition of purines during active cell
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proliferation. If toxicity or suspicion of inappropriate gene expression occurs, the drug GCV can be
stopped thus immediately limiting any negative side effects.

6. Psychological and social implications.

It is likely that the initiation of these experiments will be associated with tremendous
attention by the media. We will follow a strict code of confidentiality as mandated by the R.A.C. and
inform the patients of this potential problem.

7. Risks to Others

The only potential risk to others is the possibility that the recombinant virus could be transmitted

to another individual, take up residence, and cause disease. We believe this is highly unlikely for a

variety of reasons.

One very important aspect of this scenario relates to the likelihood that transmission of Ad.RSVf/c

will cause disease. We obviously do not think this is likely based on the fact that we are proposing to

use it therapeutically. Toxicity could be due to one of two mechanisms: expression of HSVf/c or

pathology due to the inherent properties of Ad5. As we argued above, ectopic or unregulated

overexpression of HSVf/c without administration of GCV does not appear to be toxic. Furthermore,

pathology of the recombinant due to its properties as an infectious virus is unlikely because all

patients will have had previous immunity to the virus and the recombinant should have a tremendous
growth disadvantage due to the deletion of El . Another possibility is that the Ad.RSVf/c will undergo a

recombination with homologous wild type Ad to form a more toxic structure. There is no reason to

expect this to be more pathogenic than either parent.

The next consideration relates to the probability that the Ad.RSVf/c virus can replicate, spread and be
transmitted. We believe that this will be unlikely. In order to assure that this does not occur we
will keep the patients in isolation for a period of 10 days following the treatment. The patient's

nasal swabs and sputum will be evaluated for Ad.RSVf/c sequences before discharge. If there is

evidence of ongoing spread the patient will be asked to stay in the hospital for additional days. We
think this will be extremely unlikely. The other possible situation that could lead to spread is if the

patient becomes superinfected with a homologous wild type virus which mobilizes the recombinant

genome. It is impossible for this to occur through the generation of a replication competent virus

containing the minigene due to size limitations of packaging. The spread of the genome would have to

occur by adenoviral functions provided in trans. We think this is highly unlikely and should not

prevent the study. In order to address this potential concern we will work with the referring

physician to be particularly cognizant of signs and symptoms characteristic of adenoviral infections

and will continue to survey nasal swabs for Ad.RSVf/c sequences using the PCR assay.

V.D. AdRSWTK Virus Formulation (For Details see Appendix G)
Similar to the generation of recombinant retroviral gene therapy reagents, adenoviral reagents have
been constructed to provide "cassette" oriented approaches to their production. A recombinant

adenoviral vector was constructed from a modified adenovirus type 5 in which the minigene of

interest is inserted in place of El a and Elb. This vector is cotransfected along with the large

fragment of the enzyme-restricted Ad5 DNA into 293 cells. 293 cells are a human kidney cell line

that contains a functional El a gene and provides a trans-acting El a protein in order to allow for

homologous infectious virions and formation of plaques. A Master Cell Bank (MCB) of 293 cells

have been previously established and evaluated for performance, in terms of production of

recombinant adenoviruses and for the absence of other pathogenic contaminants. Individual plaques

are isolated and functional DNA would be identified by restriction cleavage and southern blot

analysis. The MCB is then infected with the crude viral lysates and plaque-purified a second time in

order to generate a seed lot using 293 cells. The purified seed lot lysate is subjected to safety

testing. The MCB is then plated again and infected with the certified viral seed lot. Lysates are

harvested from the infected cells and virus is purified from the lysate and cryopreserved.
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Individual production lots are extensively evaluated. The purified adenoviral DNA is then subjected
to sequencing.

A four-stage test program has been designed to assess the master cell bank, the seed lot, the product
intermediate (cell lysate) and the purified product (virus). The 293 cells used to produce the

adenovirus will be characterized prior to infection for possible microbial, adventitious viral and
select specific human viral contaminants. Testing of the adenovirus preparation used to infect the

cells will include assays for microbial contaminants and adventitious virus. After expansion of the

infected cells, the cell lysate will be evaluated for microbial contaminants. Product testing of the

purified product for endotoxin, microbial contaminants, extraneous toxins and infectious adenovirus
completes the test battery. Each step will be carefully tested for the presence of wild type

adenovirus. The majority of tests will be performed by Microbiological Associates INC. (MAI), and
independent laboratory that has provided contract research and safety assessment for the

pharmaceutical industry.
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PHASE I TRIAL OF AdRSVtk VIRUS WITH GANCICLOVIR IN
PATIENTS WITH UNRESECTABLE MALIGNANT

MESOTHELIOMA

UPCC 2594

Principal Investigator-Joseph Treat, M.D.
Co-Investigator-Steven Albelda, M.D.

University of Pennsylvania Cancer Center Clinical Trial

Emergency Telephone 215-662-6059
Office Telephone 215-662-7711

CONSENT TO ACT AS A SUBJECT IN AN INVESTIGATIONAL STUDY

PURPOSE

I understand that my diagnosis is mesothelioma, a cancer, which can not be surgically removed.
There is no standard therapy for this condition. The purpose of this study is to determine if an
experimental type of therapy called "gene therapy" can be useful in the treatment in

this type of cancer.

Gene therapy is a new type of cancer therapy. It involves inserting a specially designed “gene” into

cancer cells. Once inside the cancer cell, this gene becomes the blueprint for the production of a new
protein which can be used to help destroy the cancer. The approach to gene therapy in this trial is to

place a "suicide" gene into a type of common-cold virus (the adenovirus) and infect the cells within your
chest with the modified virus. Both normal and tumor cells will take up the virus. We will then give

you a drug called ganciclovir). Ganciclovir is an approved drug that is normally used to treat viral

infections. At the doses used in this study, it does not usually cause severe side effects. Ganciclovir

works by killing cells that divide if they contain the virus protein. Therefore, any cell that has taken up
the new gene and starts to divide will be killed. Since the normal cells of the chest cavity do not

normally divide, while the tumor cells do grow rapidly, the tumor cells will be selectively killed by this

treatment. We have conducted many experiments in animals to show that tumor cells are killed without

damaging the normal cells in the chest.

The major goals of this study are: L. To determine the highest dose of the genetically altered

adenovirus experimental therapy which can be given safely with ganciclovir, the anti-antiviral drug, 'L

To determine the side effects of this experimental therapy, _3. to see if shrinkage of tumor occurs with

this experimental therapy.

PROCEDURE

Initial testing will be done. This includes a history and physical exam and blood work to check your
blood count, kidney and liver function. CT scans will be done to document the presence of the tumor.

Often scans may be done if required by the presence of symptoms to see if disease is present in locations

other than the chest.

I will be admitted to the hospital. At this time a surgical procedure called a “videothoroscopy” will

be performed (see next paragraph for details). This is placement of a flexible metal scope through the

side of the chest into the cavity between the lung and the inner chest wall and will allow us to document
the presence of the mesothelioma and to place a chest tube. A chest tube is a flexible plastic tube. The
chest tube will be used to administer the gene therapy virus on the second day. I will remain in the

hospital for a total of approximately 21 days. During this time, I will have about three chest x-rays eveiy

week and blood work frequently ( 3 times per week). I will be tested to see if any virus can be found in

my nose, sputum, blood, urine, or stools. I will undergo a second videothoroscopy on day five. This

videothoroscopy will be done to see the effects of the virus upon the tumor and the chest wall.

Ganciclovir will start on day six. It will be given twice a day through a needle in the vein for 14 days.
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The ganciclovir is administered over one hour twice a day. Ganciclovir, which is approved by the

Federal Drug Administration for antiviral therapy, will be administered in the same dose and length of

time (14 days) as is usually recommended.

Mesothelioma is a cancer which is found on the lining of the lung (the pleura), the inner chest wall,

and the space between the two. To treat the tumor, a thoracic surgeon will perform a videothoroscopy

and chest tube placement. The videothoroscopy is a surgical procedure which involves either local or

general anesthesia and a small incision about one inch into the chest. The scope has a camera in it and

will allow us to get a visual and photographic (video) record of the mesothelioma before the biopsies are

taken. This will allow us to determine if the gene therapy has any effects on the size of the tumor. It will

also allow us to take pieces (biopsies) of the tumor. Finally, a chest tube will be placed. This will allow

for the genetically altered virus to be placed through the tube into the space between the lung lining

(pleura) and the inner chest wall (ribs, muscle).

After discharge from the hospital, I will be seen weekly for the First month, every two weeks for the

second month, and then monthly. Blood tests and chest x-ray will be obtained each time. A CT scan

will be obtained every three months.

Because gene therapy is a very new form of treatment, the long term effects are not known. To gain

the most information and to provide the greatest safety, periodic evaluations will be needed. My
agreement to participate in the study means that I recognize the need for continued evaluations.

Specifically, on a monthly basis I will be examined and blood work to measure blood counts, liver

and kidney function will be performed. CT scans and chest x-rays will not be done on a schedule but

instead will be done if the clinical situation requires an x-ray test

CONSENT FOR AUTOPSY:

To fully evaluate the effects and safety of gene therapy, it will be necessary to obtain as much
information as possible. In the eventual occurrence of my death, evaluation of my lungs and other

organs will be a very valuable method to see the full effects of gene therapy. Therefore my participation

in this study means that I agree to an autopsy. This agreement must also be known by my next of kin so

that person can carry out my wishes.

RISKS, DISCOMFORTS AND INCONVENIENCES OF THE RESEARCH

Blood Tests

During the entire three month period of the study, less than one unit (one Pint) of blood will be

drawn for tests. Also, I will have monthly blood work performed after I leave the hospital. This will

involve one or two tablespoons of blood. I may develop a bruise or bump at the site of the needle

puncture. Sometimes subjects get light-headed, and on rare occasions, faint when blood is drawn.

Videothoroscopy and Chest Tube Placement

I will undergo two videothoroscopies. The first one is to confirm the diagnosis and to place the

chest tube. The second videothoroscopy is being done only for the purpose of answering research

questions.
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Several types of risks and discomfort can occur from videothoroscopy and chest tube placement

a. Risks of anesthesia; The thoracic surgeon will determine with you if general or

local anesthesia is required. If general anesthesia is required, then the risk

(less than 1%) of severe even fatal reaction is present. Local anesthesia carries an even

smaller risk of severe or fatal complications (allergic reactions).

b. Bleeding: All surgical procedures will cause some degree of blood loss. It is estimated

the amount of blood loss to be minimal (less than 100 cc or 3 tablespoons).

c. Pain: Post operative pain/discomfort at die surgical site is expected and will be

treated with adequate pain medicines.

d. Fever/Infection/Pneumonia: The risk of infection after surgery is small (less than 5%).

If this occurs, you may experience shortness of breath, fever and cough.

e. Allergic reaction to medications: This is extremely rare (less than 1 in 1000 chance).

Complications Caused by the Virus:

a. Multiplication of the virus: The virus that is being used to infect the cancer cell and make
them susceptible to ganciclovir has been made so that it cannot reproduce by itself. There

is a very slight possibility that something may happen during the study that will allow

the virus to multiply. The effects of this event are unknown. However, your immune
system will likely kill the virus after it has been there for several days to weeks.

b. Damage to other cells or lining of the lung or the chest wall: It is possible that the virus

could injure airway cells that it enters. This has not been seen in experiments that have

been performed on animal and human cells. If this occurs, the segment of lung that is

used for the study could be temporarily or permanently damaged.

c. Spread of the virus: It is possible that the virus could spread from your body to

surroundings. The virus has been altered so that it cannot reproduce by itself.

If, however, something should happen that the virus does spread and reproduce,

it would likely behave no different from similar types of viruses that are already

in the environment around us. However, if there are signs that virus is being spread,

you may be asked to remain in the hospital longer than two weeks for further

monitoring.

d. Cancer The type of virus used in these studies is not the type that inserts its genes

into the patient's own genes. The insertion of the virus gene into your genes is

highly unlikely, the chance the virus will cause cancer is thus very small.

e. Changes in the body's eggs or sperm: There is a remote possibility that the virus

could change the genes in the body's eggs or sperm. For this reason, fertile men or

women must use contraception.

f. Participation in multiple studies may be hazardous to you: If you already are

participating in another study, please inform us fully. You should not participate

in multiple studies, unless you and the investigators agree that your health and the

outcome of the study will not be jeopardized.

Risks/Side Effects of Ganciclovir

a. Lowering of white blood cell count: This can happen from 25 to 50% of the time.

Lowering of the white blood cell count can place you at risk of infection, even fatal

infection (less than 1% of the time).

b. Effects on eyes: Retinal detachment has been described with this drug in up to

30% of patients. However these patients had AIDS and an unusual eye infection.
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c. Headache, confusion, alterations in consciousness: 5 to 17% of patients will have

headache. Confusion occurs in 1 to 3% of patients. About 1 % of patients will have

decreased consciousness, even coma. Seizures occur in 1% of patients.

d . Liver blood test abnormalities: Some of the blood test which measure liver function

can be abnormal in around 2% of patients.

e. Nausea/vomiting: occurs in 2% of patients.

f. Kidney function: Decreased in function in 18% of patients although these patients were
on other drugs which could alter kidney function.

g . Can cause irritation to veins (phlebitis)

MEASURES TO BE TAKEN TO MINIMIZE RISKS. DISCOMFORTS AND
INCONVENIENCES

Blood tests :

Pressure will be held at the sites of blood drawing to limit bruising. If I become light headed, I will be

helped to a lying position to prevent fainting.

Videothoroscopies and chest tube
Several types of risks and discomforts can occur

a) Cough. Medicine will be given to help reduce the coughing
b) Bleeding. Blood tests will be done before the procedure to be sure that your blood clots normally.

c) Pneumonia. Early antibiotic treatment will be given at the first sign of pneumonia.
e) Allergic reactions to medications. I will be asked if I am allergic to any of the medications

before they are given.

0 Pain: Appropriate pain medications will be used.

Complications caused by the virus

a) Multiplication of the virus. An altered virus is being used that cannot multiply by itself. I will be

monitored for any evidence that the virus is multiplying.

Complications caused by the Ganciclovir
a) Decreased white blood count. The drug will be discontinued if the white count falls significantly,

therefore placing me at risk of infection. Additionally, antibiotics and medicine to increase the white

blood cell count can be used.

b) Headaches, confusion, unconsciousness. Headaches will be treated with pain medicine. If the more
severe problems of confusion or alteration in level of consciousness occurs, the drug will be

stopped

c) Nausea/vomiting: Appropriate anti-nausea medicine will be used.

d) Complication to eyes: in different patient settings (AIDS patients who receive ganciclovir for

severe viral eye infection) a detached retina problem has been seen. Any problem concerning

the eye/vision will be evaluated by an ophthalmologist.

e) Decreased kidney function. The frequent blood monitoring will allow early discontinuation of the

drug should this occur.

EXPOSURE TO X-RAYS:

The minimum number of x-rays will be used to obtain the safety information needed for the study.

There are no side effects associated with these x-rays.
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PREGNANCY AND FERTILITY CONCERNS:

Patients that are pregnant or lactating are not eligible for this study. Fertile men or women must use

effective contraception to be eligible for this study.

WITHDRAWING FROM THE STUDY:
My participation in this project is voluntary. I may refuse to participate in or withdraw from the

study at any time without penalty or loss of benefits to which I may otherwise be entitled. In case I

decide to withdraw from the study, I may suffer the following consequences: 1. Loss of ability to

monitor for side effects of gene therapy. 2. Failure to find out if there are any unforeseen risks from

gene therapy that may not be obvious without repeated evaluation.

EXPECTED BENEFITS TO SUBJECTS OR TO OTHER

I may not experience any benefit from participating in this study. If shrinkage of the tumor occurs,

then I may benefit by a decrease in symptoms and tumor-related problems.

It is hoped that much information will be learned which will guide further development of this new
anti-cancer treatment

CONFIDENTIALITY OF INFORMATION

The principal investigator will keep a confidential record of your participation, which will be

maintained and secured in the Clinical Research Center of the University of Pennsylvania Medical

Center. Representatives of the National Institutes of Health, the Food and Drug Administration, or other

regulatory agencies outside the University of Pennsylvania will have access to your records. My privacy

will be protected by withholding my identity during any recording and reporting of this research except

as required by law. The extreme amount of public interest in gene therapy may cause members of the

media to try to find out who you are despite ail the precautions taken by and without the approval of the

University of Pennsylvania Medical Center. If they succeed, I might be subject to frequent requests for

interviews and my privacy may be reduced. Every effort will made to protect your privacy, but this may
not be possible.

ALTERNATIVES TO PARTICIPATION

All appropriate alternative procedures available for mesothelioma patients, as well as their risks and

benefits, will be discussed and explained to me.

COST TO SUBJECT

There will be no cost to me for in-patient care while on this study. Out-patient costs may or may not

be covered by my third party payer. Any costs resulting from care I require as part of this study, or

because of complications from this study not provided by my third party payer, will be provided by the

Hospital of the University of Pennsylvania.

COMPENSATION

I am advised that no compensation will be provided to me as a result of my participation.
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SIGNIFICANT NEW FINDINGS

Any significant new findings resulting from this study will be made known to me and my family.

To Find out more about any aspect of this study, I may contact the persons whose names, addresses and
telephone numbers appear below: If significant new knowledge is obtained during the course of this

research which may relate to my willingness to continue participation, I will be informed of this

knowledge.

Joseph Treat, M.D.
Associate Professor of Medicine
Hospital of the University of Pennsylvania
3400 Spruce Street

6 Penn Tower
Philadelphia, PA 19104
215-662-7711

Steven M. Albelda, M.D.
Associate Professor of Medicine
Hospital of the University of Pennsylvania
3400 Spruce Street

809 Maloney Building
Philadelphia, PA 19104
215-662-3307
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VOLUNTARY CONSENT

I have read this consent for, or it has been read to me Any questions I have concerning this study

have been answered, I understand that if I wish further information regarding my rights as a research

subject, I may contact the Director in the Office of Research Administration at the University of

Pennsylvania by calling 215-898-7293

My signature below means that I am freely giving my permission to participate in this study and that

I have received a copy of this informed consent.

Name of Subject Signature of Subject Date

I have explained this consent form and the nature of this study to the patient. I have explained all

possible risks and potential benefits, and have answered any questions asked by the subject

Name of Investigator Signature of Investigator Date

Name of Witness Signature of Witness Date
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DEPARTMENT OF HEALTH AND
HUMAN SERVICES

National Institutes of Health

Recombinant DNA Advisory

Committee; Notice of Meeting

Pursuant to Public Law 92-463,

notice is hereby given of a meeting of

the Recombinant DNA Advisory

Committee on December 1-2, 1994. The
meeting will be held at the National

Institutes of Health, Building 3lC, 6th

Floor, Conference Room 6. 9000
Rockville Pike, Bethesda, Maryland
20892, starting on December 1, 1994, at

approximately 9 a.m., and will recess at

approximately 6 p.m. The meeting will

reconvene on December 2, 1994, at

approximately 8:30 a.m. and will

adjourn at approximately 5 p.m. The
meeting will be open to the public to

discuss Proposed Actions under the N1H
Guidelines for Research Involving

Recombinant DNA Molecules (59 FR
34496) and other matters to be

considered by the Committee. The
Proposed Actions to be discussed will

follow this notice of meeting.

Attendance by the public will be limited

to space available. Members of the

public wishing to speak at this meeting
may be given such opportunity at the

discretion of the Chair.

Dr. Nelson A. Wivel, Director, Office

of Recombinant DNA Activities, Suite

323, National Institutes of Health, 6006
Executive Boulevard, MSC 7052,

Bethesda, Maryland 20892-7052, Phone
(301) 496—9838, FAX (301) 496-9839,
will provide materials to be discussed at

this meeting, roster of committee
members, and substantive program
information. Individuals who plan to

attend and need special assistance, such
as sign language interpretation or other

reasonable accommodations, should
contact Dr. Wivel in advance of the

meeting. A summary of the meeting will

be available at a later date.

OMB’s “Mandatory Information

Requirements for Federal Assistance

Program Announcements” (45 FR
39592, June 11, 1980) requires a

statement concerning the official

government programs contained in the

Catalog of Federal Domestic Assistance.

Normally NIH lists in its

announcements the number and title of

affected individual programs for the

guidance of the public. Because the

guidance in this notice covers not only
virtually every NIH program but also

essentially every Federal research

program in which DNA recombinant
molecule techniques could be used, it

has been determined not to be cost

effective or in the public interest to

attempt to list these programs. Such a

list would likely require several

additional pages. In addition, NIH could
not be certain that every Federal

program would be included as many
Federal agencies, as well as private

organizations, both national and
international, have elected to follow the
NIH Guidelines. In lieu of the individual
program listing, NIH invites readers to

direct questions to the information
address above about whether individual
programs listed in the Catalog of
Federal Domestic Assistance are

affected.

Dated: October 26. 199-t.

Susan K. Feldman,

Committee Management Officer. NIH.

(FR Doc. 94-27574 Filed 11-7-94; 8:45 ami
BILLING COOC 4141-01-P-M

Recombinant DNA Research:
Proposed Actions Under the
Guidelines

AGENCY: National Institutes of Health
(NIH), PHS, DHHS.
ACTION: Notice of Proposed Actions
Under the NIH Guidelines for Research
Involving Recombinant DNA Molecules
(59 FR 34496).

SUMMARY: This notice sets forth

proposed actions to be taken under the

NIH Guidelines for Research Involving

Recombinant DNA Molecules (59 FR
34496). Interested parties are invited to

submit comments concerning these

proposals. These proposals will be
considered by the Recombinant DNA
Advisory Committee at its meeting on
December 1-2, 1994. After

consideration of these proposals and
comments by the Recombinant DNA
Advisory Committee, the Director of the

National Institutes of Health will issue

decisions in accordance with the NIH
Guidelines.

DATES: Comments received by
November 22, 1994, will be reproduced
and distributed to the Recombinant
DNA Advisory Committee for

consideration at its December 1-2, 1994,

meeting.

ADDRESSES: Written comments and
recommendations should be submitted

to Dr. Nelson A. Wivel, Director, Office

of Recombinant DNA Activities, Suite

323, 6006 Executive Boulevard, MSC
7052, Bethesda, Maryland 20892-7052,
or sent by FAX to 301—496-9839.

All comments received in timely

response to this notice will be

considered and will be available for

public inspection in the above office on
weekdays between the hours of 8:30

a.m. and 5 p.m.

FOR FURTHER INFORMATION CONTACT:
Background documentation and
additional information can be obtained

from the Office of Recombinant DNA
Activities, Suite 323, 6006 Executive

Boulevard, MSC 7052, Bethesda,

Maryland 20892-7052, Phone 301-496-
9839, FAX to 301-496-9839.

SUPPLEMENTARY INFORMATION: The NIH
will consider the following actions

under the NIH Guidelines for Research
Involving Recombinant DNA Molecules:

I. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Transfer Protocol/Drs. Venook and
Warren

In a letter dated October 3, 1994, Drs.

Alan Venook and Robert Warren of the

University of California, San Francisco,

San Francisco, California, submitted a

human gene transfer protocol entitled:

Gene Therapy ofPrimary and Metastatic

Malignant Tumors of the Liver Using
ACN53 Via Hepatic Artery Infusion: A
Phase I Study to the Recombinant DNA
Advisory Committee for formal review

and approval.

II. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Transfer Protocol/Dr. Gluckman

In a letter dated October 6, 1994, Dr.

Jack Gluckman of the University of

Cincinnati Medical Center, Cincinnati,

Ohio, submitted a human gene transfer

protocol entitled: Intratumoral Injection

of Herpes Simplex Thymidine Kinase

Vector Producer Cells (PA31 7/

Gl TklSvNa.7) and Intravenous

Ganciclovirfor the Treatment of Locally

Recurrent or Persistent Head and Neck
Cancer to the Recombinant DNA
Advisory Committee for formal review

and approval.

HI. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Transfer Protocol/Dr. Hersh, et. al.

In a letter dated September 16, 1994,

Drs. Evan Hersh, Emmanuel Akporiaye,

David Harris, Alison Stopeck, Evan
Unger, James Wameke, of the Arizona

Cancer Center, Tucson, Arizona,

submitted a human gene transfer

protocol entitled: Phase I Trial of
Interleukin-2 Plasmid DNA/DMRIE/
DOPE Lipid Complex as ah
Immunotherapeutic Agent in Solid

Malignant Tumors or Lymphomas by

Direct Gene Transfer to the

Recombinant DNA Advisory Committee
for formal review and approval.
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IV. Addition to Appendix D of the N1H
Guidelines Regarding a Human Gene
Transfer Protocol/Drs. Grossman and
Woo

In a letter dated September 27. 1994,

Drs. Robert Grossman and Savio Woo of

the Baylor College of Medicine &
Methodist Hospital, Houston, Texas,

submitted a human gene transfer

protocol entitled: Phase I Study of
Adenoviral Vector Delivery of the HSV-
TK Gene and the Intravenous

Administration of Ganciclovir in Adults

with Malignant Tumor of the Central

Nervous System to the Recombinant
DNA Advisory Committee for formal

review and approval.

V. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Transfer Protocol/Dr. dayman

In a letter dated October 5, 1994, Dr.

Gary dayman.of the MD Anderson
Cancer Center, Houston, Texas,

submitted a human gene transfer

protocol entitled: Clinical Protocol for

Modification of Tumor Suppressor Gene
Expression in Head and Neck
Squamous Cell Carcinoma (HNSCC)
with an Adenovirus Vector Expressing

Wild-type p53 to the Recombinant DNA
Advisory Committee for formal review

and approval.

VI. Addition to Appendix D of the NTH
Guidelines Regarding a Human Gene
Transfer Protocol/Drs. Dorkin and
Lapey

In a letter dated October 11, 1994, Dr.

Henry Dorkin of the New England
Medical Center, Boston, Massachusetts,

and Dr. Allen Lapey of Massachusetts

General Hospital, Harvard Medical
School, Boston. Massachusetts,

submitted a human gene therapy

protocol entitled: Adenovirus Mediated
Gene Transfer for Cystic Fibrosis: Safety

of Single Administration in the Lung to

the Recombinant DNA Advisory

Committee for formal review and
approval.

VII. Report on Minor Modifications to

NIH-Approved Human Gene Transfer

Protocols

Dr. LeRoy Walters, Chair of the

Recombinant DNA Advisory Committee,

will present an update on minor
modifications to NIH-approved human
gene transfer protocols.

VIII. Working Group on Data
Management

Dr. Brian Smith, Chair of the Working
Group on Data Management, will

provide a summary of the reports

submitted to the Office of Recombinant
DNA Activities by the principal

investigators of NIH-approved protocols,

and make recommendations regarding

actions to be taken in the event of non-

reporting.

IX. Amendments to Appendix B of the

NIH Guidelines Regarding Updating the

Classification.of Microorganisms/
Fleming

In a letter dated June 24, 1993, Dr.

Diane Fleming, President of the Mid-
Atlantic Biological Safety Association

requested updating Appendix B,

Classification ofMicroorganisms on the

Basis ofHazard. The Mid-Atlantic
Biological Safety Association submitted

an updated list of the classification of

microorganisms for the Committee to

review which included the latest

taxonomy and agent risk group
classifications as defined by the Centers

for Disease Control and Prevention. This

request was published for public

comment in the Federal Register

(August 18, 1994, 58 FR 44098).
During the September 9-10, 1993,

meeting, the Recombinant DNA
Advisory Committee recommended by
consensus that the current classification

of etiological agents described in the

Biosafety in Microbiological and
Biomedical Laboratories, 3rd edition.

May 1993, U.S. Department of Health

and Human Services, should be
endorsed by the Committee. The
Committee retains the option to adopt
any modification to the CDC listing. The
Committee recommended that the

revised Appendix B, Classification of
Microorganisms on the Basis of Hazard,
submitted by Dr. Fleming should not be
adopted until the Committee receives

letters of concurrence from both the

Centers for Disease Control and
Prevention and the NIH Division of

Safety.

In a telephone call on October 20;

1994. Dr. Fleming stated that Appendix
B. Classification of Microorganisms on
the Basis of Hazard, would be reviewed

by experts from the Centers for Disease

Control and Prevention and the

American Society for Microbiology. The
revised Appendix B will be submitted to

the Committee for the December 1-2.

1994, meeting for review and
discussion. If accepted, the revised.

Appendix B will be published in the

Federal Register for public comment,
and voted on during the March meeting.

OMB’s “Mandatory Information

Requirements for Federal Assistance

Program Announcements” (45 FR
39592, June 11, 1980) requires a

statement concerning the official

government programs contained in the

Catalog of Federal Domestic Assistance.

Normally, NIH lists in its

announcements the number and title of

affected individual programs for the

guidance of the public. Because the

guidance in this notice covers not only

virtually every NIH program but also

essentially every Federal research

program in which DNA recombinant

molecule techniques could be used, it

has been determined not to be cost

effective or in the public interest to

attempt to list these programs. Such a

list would likely require several

additional pages. In addition, NIH could

not be certain that every Federal

program would be included as many
Federal agencies, as well as private

organizations, both national and
international, have elected to follow the

NIH Guidelines. In lieu of the individual

program listing, NIH invites readers to

direct questions to the information

address above about whether individual

programs listed in the Catalog of
Federal Domestic Assistance are

affected.

Dated: October 31, 1994.

Daryl A. Chamblee,

Acting Deputy Directorfor Science Policy and
Technology Transfer.

(FR Doc. 94-27575 Filed 11-7-94; 8;45 ami
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DEPARTMENT OF HEALTH AND HUMAN SERVICES
NATIONAL INSTITUTES OF HEALTH

RECOMBINANT DNA ADVISORY COMMITTEE
MINUTES OF MEETING 1

December 1-2, 1994

The Recombinant DNA Advisory Committee (RAC) was convened for its sixtieth meeting at 9:00 a.m. on

December 1, 1994, at the National Institutes of Health, Building 31, Conference Room 6, 9000 Rockville Pike,

Bethesda, Maryland 20892. Dr. LeRoy B. Walters (Chair) presided. In accordance with Public Law 92-463,

the meeting was open to the public on December 1 from 9 a.m. until 5 p.m. and December 2 from 8:30 a.m.

until 3:50 p.m. The following were present for all or part of the meeting:

Committee Members:

Constance E. Brinckerhoff, Dartmouth Medical School

Alexander M. Capron, University of Southern California

Gary A. Chase, Georgetown University Medical Center

Patricia A. DeLeon, University of Delaware

Roy H. Doi, University of California, Davis

Robert P. Erickson, University of Arizona

Joseph C. Glorioso, University of Pittsburgh

Robert Haselkom, University of Chicago

Abbey S. Meyers, National Organization for Rare Disorders

A. Dusty Miller, Fred Hutchinson Cancer Research Center

Arno G. Motulsky, University of Washington

Robertson Parkman, Children’s Hospital of Los Angeles

Gail S. Ross, Cornell University Medical Center

Bratin K. Saha, Emory University

R. Jude Samulski, University of North Carolina

Marian G. Secundy, Howard University College of Medicine

Brian R. Smith, Yale University School of Medicine

Stephen E. Straus, National Institutes of Health

LeRoy B. Walters, Kennedy Institute of Ethics, Georgetown University

Doris T. Zallen, Virginia Polytechnic Institute & State University

Executive Secretary:

Nelson A. Wivel, National Institutes of Health

A committee roster is attached (Attachment I).

Liaison Representative:

Barbara Levin, National Institute of Standards and Technology, Department of Commerce

National Institutes of Health staff:

Bobbi Bennett, OD
Diane Bronzert, NCI
Kenneth Cowan, NCI
Barry Goldspiel, CC

*rhe RAC is advisory to the National Institutes of Health (NIH), and its

recommendations should not be considered as final or accepted. The Office of

Recombinant DNA Activities should be consulted for NIH policy on specific issues.
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Donna Huggins, NIDDK
Christine Ireland, OD
Becky Ann Lawson, OD
Harry Malech, NIAID
Catherine McKeon, NIDDK
Hiroaki Mizukami, NHLBI
David Nelson, NCHGR
Tadatsugu Sato, NHLBI
Thomas Shih, OD
Debra Wilson, OD

Others:

Paul Aebersold, Food and Drug Administration

Estuardo Aguilar-Cordova, Baylor College of Medicine

Bob Anderson, Food and Drug Administration

W. French Anderson, University of Southern California

Dale Ando, Chiron Corporation

Elizabeth Ashforth, Genetic Therapy, Inc.

Greg Baigent, Chiron Corporation

Peter Ballard, The Blue Sheet

James Barrett, Genetic Therapy, Inc.

Edward Beecham, Human Gene Therapy Research Institute

Mitch Berger, University of Washington

Bridget Binko, Cell Genesys

John Bishop, Food and Drug Administration

Ernst Boehnlein, Progenesys

Arindam Bose, Pfizer, Inc.

Rosemary Browar, Genetic Therapy, Inc.

Jeff Carey, Genetic Therapy, Inc.

Rachel Carle, Genzyme Corporation

Ira Carmen, University of Illinois

Mike Casey, Genetic Therapy, Inc.

Joe Catino, Schering-Plough Corporation

Yawen Chiang, Genetic Therapy, Inc.

Kim Changmin, Korea Cancer Center Hospital

Jan Chappell, Genetic Therapy, Inc.

Shuhsia Chen, Baylor College of Medicine

Theresa Chen, Genetic Therapy, Inc

Tnjae Chung, MD Anderson Cancer Center

Dorothy Clarke, Fox, Bennett and Turner

Gary dayman, MD Anderson Cancer Center

Kenneth Culver, Human Gene Therapy Research Institute

John Cutt, Schering-Plough Corporation

Karen Darcy, Magenta Corporation

Eileen Deist, Genetic Therapy, Inc

Boythe Devlin, Duke University

Henry Dorkin, New England Medical Center

Earl Dye, Food and Drug Administration

Tom Eggerman, Food and Drug Administration

Bryan Finkle, Canji, Inc

Reinhard Fleer, Rhone-Poulenc Rorer
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Remi Gloecker, Transgene, Inc
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Alan Venook, University of California, San Francisco

Samuel Wadsworth, Genzyme Corporation

Trish Waitschies, MD Anderson Cancer Center

Kathryn Whartenby, Food and Drug Administration

Lisa White, The Blue Sheet

Sharon Williams, Life Technologies, Inc

Savio Woo, Baylor College of Medicine
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I. CALL TO ORDER

Dr. Walters (Chair) called the meeting to order and stated that the notice of the meeting and proposed actions

were published in the Federal Register on November 8, 1994 (59 FR 55796) as required by the National

Institutes of Health (NIH) Guidelines for Research Involving Recombinant DNA Molecules (NIH Guidelines).

He noted that a quorum was present and outlined the order in which speakers would be recognized: the

primary reviewers, other RAC members, and ad hoc experts, followed by responses from the principal

investigators (Pis). The Chair will recognize other NIH and Federal employees, and the public who have

submitted written statements prior to the meeting, followed by the public at large.

Dr. Walters welcomed Joseph C. Glorioso, Ph.D., as a new scientific member of the RAC. Dr. Glorioso is

Professor and Chair of the Department of Molecular Genetics and Biochemistry at the University of

Pittsburgh, Pittsburgh, Pennsylvania.

Dr. Walters stated that 4 major items of business would be discussed during this meeting: (1) the review of 6

new human gene therapy protocols, (2) review and discussion of the December 1994 Data Management

Report, (3) a presentation on in utero somatic cell and gene therapies by Dr. Amy Patterson of the Food and

Drug Administration (FDA), and (4) discussion of the proposed amendments to Appendix B of the NIH
Guidelines

,
"Classification of Etiologic Agents and Oncogenic Viruses on the Basis of Hazard."

Dr. Walters made the following announcements: (1) A public FDA meeting on somatic cell and gene therapy

production issues will be held at the end of the first day of the RAC meeting. (2) Dr. David CurieFs human
gene transfer protocol entitled: Phase I Trial of a Polynucleotide Vaccine to Human Carcinoembryonic Antigen

in Patients with Metastatic Colorectal Cancer (Protocol #9406-073) was recommended for approval with

contingencies by the RAC at its June 1994 meeting; however, Dr. Varmus deferred approval of Dr. Curiel’s

protocol based on insufficient preclinical data. (3) The ad hoc RAC review committee proposed by Dr.

Varmus at the September 1994 RAC meeting is currently being formed and a tentative agenda approved. The

first meeting of this ad hoc committee will be held in late January or early February. Several meetings of this

ad hoc committee are expected, at least one of which will coincide with a RAC meeting.

Dr. Walters noted that on September 28, 1994, a congressional hearing was held on the subject, "Human Gene
Therapy-Status, Prospects for the Future, and Government Policy Implications," before the Committee on

Science, Space, and Technology, chaired by Representative George Brown. Drs. Wivel, Philip Noguchi (FDA),

and Walters testified before the committee. At this hearing, Ms. Ashanti DeSilva, an adenosine deaminase

deficiency (ADA) patient entered on Dr. Michael Blaese’s Protocol #9007-002, Mr. DeSilva (her father), and

Dr. Kenneth Culver were present at the hearing and testified. Dr. Walters informed the RAC that an article

entitled: "Gene Techniques and the Shape of Future Generations," was printed on the front page of the

November 22, 1994, New York Times in response to a study by Ralph Brinster of the University of

Pennsylvania published in Proceedings of the National Academy of Sciences, U.SA. in November 1994. Dr.

Brinster’s study involved the introduction of genetic modifications into the murine spermatogonia that develop

into mature sperm cells. He stated that the National Academy of Sciences Institute of Medicine is considering

funding for a report designed to analyze the implications of human germ line genetic intervention. This report

would be considered a companion report to a study that was recently published by a National Academy of

Sciences committee (Chaired by Dr. Motulsky) entitled: "Assessing Genetic Risks."

Dr. Walters noted that a total of 93 human gene transfer protocols (68 gene therapy and 25 gene marking)

have been reviewed and recommended for approval by the RAC to date (See Attachment II-Human Gene
Therapy Protocols). Forty-three are targeted at cancer, 5 directed towards human immunodeficiency virus

(HIV) infection, 18 for inherited genetic disorders, and 2 other therapeutic interventions. The NIH Director

has approved 81 of the 93 RAC-approved studies following review and submission of data submitted in

response to the RAC’s stipulation requirements. Dr. Motulsky inquired about the reason for the discrepancy

in the number of protocols approved by the RAC and that approved by the NIH Director. Dr. Wivel

explained that most protocols are approved by the RAC, contingent on the review of data submitted in
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response to RAC’s stipulations. The time required for investigators to adequately respond to these stipulations

varies. The RAC is advisory to the NIH Director. The NIH Director retains the final authority to

approve/disapprove any human gene transfer protocol.

II-A CHAIR REPORT ON NIH-APPROVED ACCELERATED REVIEW PROTOCOLS/DR. WALTERS

Dr. Walters explained that the following 3 Accelerated Review protocols were approved since the September

12-13, 1994, RAC meeting: (1) Adenovirus Mediated Gene Transfer for Cystic Fibrosis: Safety of Single

Administration in the Lung (lobar instillation) (Protocol #9409-091). This study will be conducted by Dr.

Henry Dorkin, New England Medical Center, Tufts University, Boston, Massachusetts; and Dr. Allen Lapey,

Massachusetts General Hospital, Harvard Medical School, Boston, Massachusetts. Drs. Straus and Ginsburg,

and Mr. Capron reviewed and approved the lobar instillation arm of the protocol through the accelerated

review process. However, the reviewers decided that the aerosol administration arm of the study required full

RAC review. The reviewers’ recommendation was based on the fact that aerosol administration is an

unprecedented route of vector delivery that may raise significant safety issues. (2) High Dose Chemotherapy

and Autologous Bone Marrow plus Peripheral Blood Stem Cell Transplantation for Patients with Lymphoma or

Metastatic Breast Cancer Use of Marker Genes to Investigate the Biology of Hematopoietic Reconstitution in

Adults (Protocol #9411-092). This study will be conducted by Dr. Dan Douer, Kenneth Norris Jr.

Comprehensive Cancer Center and Hospital, University of Southern California, Los Angeles, California. Drs.

Haselkorn, Saha, and Secundy approved this protocol. Dr. Haselkorn commented that the investigators are

serious and capable, and he noted that such an approval may not have been granted to less qualified

investigators. (3) A Phase I Study of Vaccination with Autologous, Irradiated Melanoma Cells Engineered to

Secrete Human Granulocyte-Macrophage Colony Stimulating Factor (Protocol #9411-093) will be conducted by

Dr. Glen Dranoff, Dana Farber Cancer Institute, Harvard Medical School, Boston, Massachusetts. Drs.

Secundy, Brinckerhoff, and Smith approved this protocol which closely parallels Dr. Jonathan Simons’ RAC-
approved (Protocol #9303-040). Dr. Walters remarked that transition to Accelerated Review has been smooth

and has led to a significant reduction in the number of protocols reviewed by the full RAC. This allows the

RAC to focus on broader issues.

II-B. CHAIR REPORT ON MINOR MODIFICATIONS OF NIH-APPROVED HUMAN GENE TRANSFER
PROTOCOLS/DR. WALTERS

Dr. Walters stated that 10 minor modifications were approved to RAC-approved human gene transfer

protocols since the September 12-13, 1994, RAC meeting (see Attachment III for a complete listing of minor

modifications).

III. SEPTEMBER 12-13, 1994, RAC MINUTES

The RAC approved a motion made by Dr. DeLeon and seconded by Dr. Chase to accept the September 12-

13, 1994, RAC minutes (with the incorporation of minor editorial changes) by a vote of 18 in favor, 0 opposed,

and no abstentions.

IV. UPDATE ON NIH/FDA CONSOLIDATED REVIEW OF HUMAN GENE TRANSFER PROTOCOLS/DRS.
WIVEL AND NOGUCHI

Dr. Walters stated that on November 22, 1994, Dr. Alan Goldhammer, Director of Technical Affairs of the

Biotechnology Industry Organization, Washington, D.C., submitted comments on the proposed NIH/FDA
consolidated review process. Dr. Walters called on Drs. Wivel and Noguchi to present an update on this

process.

Dr. Wivel noted that the RAC recommended approval of proposed amendments to the NIH Guidelines at its

September 12-13, 1994, meeting. These amendments accommodated the NIH/FDA consolidated review

process through the inclusion of minor editorial changes. Although the NIH Office of General Counsel
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accepted the RAC’s recommendation, FDA legal counsel has not yet agreed to the language of these proposed

actions based on concern regarding the release of proprietary information. The NIH and FDA are continuing

discussion on these actions to resolve these issues.

Dr. Noguchi stated that the FDA endorses the RAC’s Data Management activities and discussion of pertinent

global issues, e.g., in utero gene therapy. The NIH/FDA consolidated review process will not preclude public

disclosure of information that is currently submitted to the RAC. He stressed the importance of the RAC
semiannual data reporting process since the FDA does not have an equivalent process for regular reporting.

On October 27, 1994, the FDA published proposed amendments to 21 CFR Part 312, Investigational New
Drug (IND) regulations, in the Federal Register (59 FR 54046). These proposed amendments would require

semiannual data reporting (currently annual) to the FDA and would emphasize adverse event reporting.

There is an absolute necessity for "real-time" reporting of adverse events. The FDA will continue to propose

amendments to the IND regulations in order to accommodate public disclosure of adverse event reporting.

Other Comments

Dr. Motulsky noted the following statement in Dr. Goldhammer’s letter, "Since all gene therapy protocols will

now be submitted initially to FDA, the provision should exist for sponsors not receiving NIH funding to elect

for or against NIH-RAC review." Dr. Motulsky inquired whether the NIH/FDA consolidated review process

would change the current status of RAC review. Dr. Wivel responded that any industry sponsor that

collaborates with an investigator whose institution receives any funding from the NIH for recombinant DNA
research is required to comply with the NIH Guidelines. Therefore, any such collaborative efforts will still

require NIH oversight. Under the consolidated review, however, there will be protocols that will require

submission to NIH Office of Recombinant DNA Activities (ORDA) but will be exempt from full RAC review.

Such protocols will be reviewed by the FDA while the documentation is maintained by both the NIH and

FDA.

Dr. Straus noted that any company that voluntarily submits a protocol for RAC review should accept

responsibility for data management and other follow-up activities.

Dr. Miller inquired about the human studies involving vaccinia virus vectors that were not reviewed by the

RAC. Dr. Wivel explained that these vaccinia studies were initiated prior to the revision of the footnote in

Section V-U of the NIH Guidelines. The recently revised definition restricts exempt vaccines to vector-

encoded "microbial" immunogens. This revised definition does not exempt the "cancer vaccine" protocols.

Ms. Meyers asked if a company could conduct human "enhancement" gene transfer experiments and not be

required to comply with the NIH Guidelines
,
e.g., experiments that introduce a "fat" gene for the treatment of

obese people or introduce a growth hormone gene to "treat" short stature. Dr. Wivel responded that NIH
would not require review of such studies; however, FDA review is mandatory. Ms. Meyers remarked that the

FDA does not review ethical issues. Dr. Noguchi responded that the FDA requires Institutional Review Board

(IRB) review of such protocols. The FDA reviews Informed Consent documents on an ad hoc basis. The

FDA retains the option to bring any protocol for public discussion by an FDA advisory committee. The FDA
can require RAC review for such proposals under the NIH/FDA consolidated review process.

Ms. Meyers inquired whether the FDA could bring such an enhancement gene therapy protocol to the RAC
without explicit permission from the sponsoring company. Dr. Noguchi answered that the FDA can obtain

advice from any review body that is deemed to be appropriate. Ms. Meyers asked if such a review would

require a closed RAC session. Dr. Noguchi responded that the FDA’s intention would be to have open

discussion within current FDA regulations. There is no ready mechanism to demand that a company commit

to an open meeting. Ms. Meyers expressed concern about the likelihood that investigators who are not

collaborating with an NIH-funded institution could conduct germ line gene therapy or enhancement gene

therapy without public awareness or discussion. Dr. Noguchi remarked that there is the legal possibility that

such experiments could be conducted without public disclosure.
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Dr. Walters noted that a couple of years ago there was a protocol submitted by a company to the FDA and

discussed at a public FDA advisory committee meeting. Dr. Noguchi explained that the protocol described by

Dr. Walters was the first HIV gene therapy protocol submitted by Viagene, Inc., San Diego, California. That

study did not involve any NIH funding. Dr. Noguchi noted that in the future, FDA will bring such protocols to

the RAC for public review as a part of the NIH/FDA consolidated review process. Dr. Walters said that up

to now, the public has been informed of every gene therapy study that has been conducted in the United States

by the FDA or the NIH.

Mr. Capron asked whether the FDA would reject Dr. Goldhammer’s request for optional RAC review. Dr.

Noguchi responded that Dr. Goldhammer’s letter was not addressed to the FDA. The FDA does not have

legal authority to accept or reject that particular concept under its current regulations. Dr. Noguchi noted that

the pertinent issue is uncertainty regarding the definition of a trade secret or confidential information. It is

unclear what information can be disclosed to the public by the FDA. Public review of the overall concept and

the ethical questions poses less of a problem for FDA. If a safety concern is related to vectors, it is unclear

under the current regulations whether FDA can make that information public without the company’s

permission. Mr. Capron asked if the information can be shared with FDA’s own advisory committees. Dr.

Noguchi responded that confidential information can be discussed in closed session. Mr. Capron asked if

RAC members will be co-appointed by both the NIH and the FDA and whether the RAC will become

advisory to both agencies. Under such a scenario, would the RAC have access to FDA information?

Information reviewed in a closed RAC session could be summarized for public disclosure after the session.

Mr. Capron said it is legal for a company to proceed with an experiment without RACs approval if reviewed

on a voluntary basis. However, if an adverse event occurred when a sponsoring company was informed by the

RAC that the research was inadequate and would raise unreasonable risks, the company would not have a

defensible action.

Dr. Straus asked if an investigator who develops a drug or a biologic in his own laboratory is permitted to use

that agent in any therapeutic, diagnostic or prophylactic setting without FDA approval? Dr. Noguchi

responded that any such agent (with exception of diagnostics) is subject to IND regulation based on the

October 14, 1993, Federal Register announcement. Any intrastate or interstate drug or biologic is subject to

IND regulation. Dr. Straus asked whether regulation is intended for investigational use and commercial

licensure? Dr. Noguchi responded that the regulation covers all uses. The FDA exercises discretion over

regulation, e.g., bone marrow purging with monoclonal antibodies is not regulated. The more cellular

manipulation is involved, the greater the likelihood that the experimental reagents will be subject to FDA
regulation. Any reagent developed in an investigator’s laboratory that has the potential to produce extremely

potent effects may require other government oversight in addition to local IRB approval (if intended for

human use). Dr. Straus inquired whether an investigator would be permitted to use a retrovirus vector

encoding the interleukin (IL)-2 gene for the treatment of diseases other than those for which the vector was

originally approved? Dr. Noguchi answered that the FDA allows latitude for other uses. Dr. Straus asked if

FDA regulation would permit use of an approved gene therapy product for novel uses, Le., enhancement or

even germ line modification? Dr. Noguchi responded that although such a scenario is legally possible, there

are no gene therapy products approved for commercial purposes. All gene therapy experiments are currently

in the Phase I clinical trial stage. Dr. Straus was concerned that such a scenario could occur if there is no

other mechanism for oversight.

Dr. Parkman agreed with Mr. Capron’s suggestion that the RAC should be advisory to the FDA in order to

facilitate the flow of information. In response to Ms. Meyers concern about confidential proprietary

information. Dr. Parkman said the NIH Guidelines allow the RAC to review confidential information in closed

session. A summary of the deliberations can be made available to the public that does not include any

proprietary information.

Dr. Chase agreed with Dr. Goldhammer’s comments that the RAC should focus on major societal issues and

not individual review of routine protocols and that novel uses of approved gene therapy reagents should be
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addressed. He said that the RAC should preserve the option to review confidential information in closed

session, but the general recommendations should become public.

Dr. Zallen disagreed with Dr. Goldhammer’s suggestion that the requirement for IRB approval prior to RAC
submission should be eliminated. The RAC should not be in the position of providing a pre-review for IRBs.

Dr. Zallen agreed with Dr. Goldhammer’s suggestion that the FDA should incorporate the RAC’s
recommendations on Informed Consent into the FDA’s IND regulations. Dr. Zallen noted a similar petition

to the Office for Protection from Research Risks (OPRR) of NIH. Dr. Noguchi said that a joint meeting

between the IRBs, FDA, and OPRR is planned to discuss Informed Consent issues. Dr. Noguchi agreed to

present Dr. Zallen’s suggestions at this meeting.

Dr. Glorioso questioned if Pis could use vectors that have been approved for a specific disease to treat other

types of diseases. Dr. Noguchi said if a gene therapy vector is approved for a specific indication, it would

require a label to state that it has not been shown to be effective in some other types of diseases; however, if a

physician chose to use that product for other indications and an adverse event resulted, the physician could be

sued. Dr. Parkman stated that local IRBs are required to review protocols involving the application of FDA-
approved drugs or biologies for nonapproved uses.

Dr. Walters said that an NIH and FDA staff meeting (including legal counsel) is scheduled to address

implementation of the consolidated review process.

Dr. Wivel stated that a response will be sent to Dr. Goldhammer on behalf of the RAC. Dr. Wivel stated that

the outcome of the NIH/FDA meeting will be transmitted to the members of the RAC.

Dr. Walters emphasized that the RAC’s major concern about the consolidated review process is that the

review process will be as open to the public as possible. Public accountability is extremely important. Ms.

Meyers added that the RAC exists to provide a public forum to debate the use of this technology and its

implication for the future of humanity, not to regulate gene therapy products. Mr. Capron stated that although

he is assured by the FDA’s commitment that the consolidated review process will remain as open as possible,

there is concern about such a process within the limits of FDA regulations. Mr. Capron said IRB-approved

Informed Consent documents submitted to the RAC are quite inadequate; however, it is unreasonable for Dr.

Goldhammer to request RAC to be the first committee to review these documents. IRBs are legally required

to review Informed Consent documents. The requirement for prior IRB approval serves as a filtering

mechanism for Informed Consent documents before RAC review. Dr. Walters noted that this requirement

avoids the review of documents that are not in final form.

Dr. Haselkom asked whether the possibility exists under the NIH/FDA consolidated review process that the

FDA would approve a protocol that the RAC did not approve. Dr. Noguchi responded that the RAC serves

in an advisory capacity, and that the circumstances would be rare that the FDA would not accept the

recommendations of an advisory committee.

Dr. Noguchi said that the FDA does not require IRB approval before starting its deliberation; however, IRB

approval is required before a clinical trial may be initiated. The RAC should consider elimination of this

requirement. Dr. Straus strongly disagreed with Dr. Noguchi’s suggestion since FDA does not review

Informed Consent documents as rigorously as the RAC and IRBs are charged to review these documents by

law.

Dr. Fumimaro Takaku

Dr. Walters recognized Dr. Fumimaro Takaku, President of the International Medical Center of Japan in

Tokyo, Japan. He is chair of the committee responsible for human gene therapy oversight. Dr. Takaku stated

that this committee plans to hold open meetings similar to the RAC in the near future.

V-A. DECEMBER 1-2, 1994, DATA MANAGEMENT REPORT/DR. SMITH
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Dr. Walters stated that the RAC Data Management Report system monitors the results of RAC and NIH
approved human gene transfer protocols, particularly adverse events and patient accrual. This semiannual

reporting system was first initiated by the late Dr. Brigid Leventhal. Dr. Walters thanked members of the

working group and Ms. Debra Wilson of the ORDA for their expanding efforts to collect, categorize, and

review this substantial quantity of information. Dr. Walters called on Dr. Smith, Chair of the Working Group
on Data Management, to present the December 1994 Data Management Report.

Dr. Smith stated that due to the increasing volume of information that is being submitted by investigators, the

protocols have been subdivided into categories. Each category was reviewed by one or more members of the

working group. Dr. Smith thanked Dr. Ross for providing a comprehensive written critique of all studies prior

to the meeting. This timely critique allowed Ms. Wilson to contact investigators for follow-up information.

Working group assignments were as follows: (1) All human gene transfer protocols -- Drs. Smith, Ross, and

Noguchi; (2) Gene Therapy/Cancer/Non-Vaccines - Drs. Smith and Samulski; (3) Gene
Therapy/Cancer/Vaccines -- Drs. Erickson and Samulski; (4) Gene Therapy/HIV — Dr. Straus; (5) Gene
Therapy/Inherited Genetic Disorders -- Dr. Motulsky; and (6) Gene Marking -- Dr. Parkman.

Dr. Smith noted the Data Management Report which summarizes the individual reports submitted by

investigators (see Attachment IV-Data Management Report).

Dr. Smith stated a total of 329 subjects have been treated on the 91 RAC-approved protocols. Fourteen

protocols are currently closed and 2 protocols are currently placed on hold either by FDA or by the

investigators. A total of 36 academic institutions are participating in the 91 RAC-approved studies. Several

issues should be considered by the RAC: (1) Protocols involving the GITkSvNa and GlTklSvNa retrovirus

vectors have been associated with numerous toxicides. (2) A total of 103 deaths have been reported; however,

only 7 autopsies were reported by investigators. A 5% autopsy rate is extremely low. Important informadon

related to gene transfer such as transmission to sites other than target tissues has not been obtained from

autopsy specimens. (3) Several investigators have failed to enroll any padents on their NIH-approved studies

or have failed to enroll any padents for more than one year. (4) There appears to be some confusion

regarding the approvals that are required prior to inidating these studies, e.g., all 3 of the Viagene sponsored

studies were initiated prior to the NIH-Director’s approval. To be in compliance with the NIH Guidelines
,
any

investigator who receives NIH funding or collaborates with an investigator at an insdtudon that has receives

NIH funding must receive NIH approval to inidate human gene transfer protocols. (5) Biological efficacy is

difficult to determine for some studies. Although the results observed in Dr. Blaese’s protocol (#9007-002) on

severe combined immunodeficiency (SCID) due to ADA deficiency are promising, the efficacy data is

complicated by the fact that all of the subjects are concurrently on polyethylene glycol (PEG)-ADA enzyme

replacement therapy.

Ms. Meyers was concerned over the poor autopsy rate. The RAC has made great efforts to ensure that

investigators include the autopsy request statement in the Informed Consent documents; frequently such

requests have been overlooked by investigators. Potendal scientific informadon is lost forever due to the lack

of proper autopsy. This negligent situadon must be corrected.

Dr. Parkman commented that it is less of a concern to insist on a statement in the Informed Consent

document to request autopsy than to require it. After a protracted illness of most padents, the family

members may choose not to have autopsy performed on their deceased relatives. Dr. Parkman noted that

most padents who died in gene transfer studies are those who died from advanced cancers in the gene marking

protocols; persistence of genetically marked cells are not expected in these padents. Ms. Meyers’ argument

has much greater significance if patients are involved in gene therapy protocols where persistence of the

transferred gene is expected.

Dr. Zallen expressed concern about the lack of pertinent informadon derived from the autopsy results, e.g.,

presence of replication competent viruses or gene transfer to sites other than the target tissue. Dr. Secundy

asked if the autopsy rate for gene therapy protocols is different from the rate for gene marking studies. Clear
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communication to investigators is critical about the need for and type of information to be obtained from

autopsy.

Dr. Straus noted that autopsy is particularly problematic in the clinical setting. He was concerned with the

lack of cooperation by investigators in reporting complete data regarding safety and efficacy, perhaps due to

competitive pressure. Dr. Walters inquired if any serious adverse event was not reported. Dr. Straus

responded that no such instances have been documented. Dr. Motulsky noted the importance of

communication between the investigator and the pathologist who perform the autopsy. The investigator should

inform the pathologist about the type of scientific information sought, the tissue to preserve, and appropriate

procedures for tissue preservation. Dr. Motulsky said that this 5% autopsy rate observed for gene transfer

studies is below the national average of between 5 and 10%. Dr. Wivel said that the national average could be

as high as 15 to 20%. To correct the problem of inconsistent reporting, Dr. Ross suggested that the

questionnaire sent to investigators should be expanded.

In response to Ms. Meyers’s concern about the low autopsy rate, Dr. French Anderson (University of Southern

California) stated that for Dr. Steven Rosenberg’s protocol #8810-001, extensive and extremely careful

autopsies were conducted on all the deceased patients which resulted in greater research costs. In Dr.

Rosenberg’s study, there was no evidence that the transgene had spread to any unintended site or evidence of

any replication competent retrovirus (RCR). In the absence of adverse effects, costly autopsies for all patients

in gene transfer studies are not justified. Autopsy alone is unlikely to uncover any serious adverse effects. Ms.

Meyers noted that Dr. Rosenberg failed to report the autopsy information described by Dr. Anderson.

Mr. Capron stated that in the early stages of gene therapy development, negative results may be as valuable as

positive information in documenting the lack of untoward effects. It is the very reason to demand autopsy.

NIH and sponsoring companies should provide the funding necessary to gather such data in order to assure

the safety of the nascent scientific technology. In response to Dr. Anderson’s statement regarding the cost of

autopsy, Dr. Straus said that an added cost of between $10,000 and $20,000 for autopsy is inconsequential

compared to the total cost of developing a new gene therapy protocol

Dr. Walters remarked that he was not aware that autopsies had been conducted on the first gene transfer

protocol #8810-001. Dr. Anderson responded that the results were presented in a simple statement in a paper

published in the New England Journal of Medicine. Dr. Miller commented it is preferable that the autopsy

data be published in a more extensive format. Dr. Anderson said that he cannot defend his colleagues in

terms of publication of their data. Dr. Miller said the data cannot be considered as part of the literature

unless it is peer-reviewed and published. Dr. Anderson said that he would urge the RAC to encourage Drs.

Rosenberg and Blaese to publish their results.

Ms. Wilson noted that the importance of inclusion of autopsy information had been reiterated in the cover

letter that was sent out to investigators. Dr. Motulsky said that a brief narrative report from the investigators

rather than just filling out the report may be more informative.

Report on Gene Marking-Dr. Parkman

Dr. Parkman stated that he was encouraged by the results of the gene marking studies. There have been 4

substantial publications in major medical journals from these marking studies. The RAC should consider

whether the data that have been generated should be used to reevaluate ongoing studies and/or make

recommendations regarding the study design of ongoing and future studies. For example, the data clearly

demonstrate that there is no evidence of tumor-specific migration of tumor infiltrating lymphocytes (TIL).

The RAC should consider: (1) whether they should review any future TIL studies; and (2) whether the

currently open protocols should be revised to focus on clearly defined scientific objectives. Dr. Parkman stated

that one of the most important questions that has been answered by the bone marrow transplantation/gene

marking studies is the aggregate data about human stem cell development. This data is an excellent example

of the unexpected (yet valuable) information that can be obtained from these studies. Although these

experiments were designed to determine the origin of disease relapse, this unexpected knowledge about stem
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cell development is extremely important. Many marking protocols appear on the surface to be "repetitive"

studies; however, the unexpected results about stem cells from these "repetitive" studies have contributed

important aggregate data.

Dr. Parkman identified two problematic areas involving gene marking studies that need improvement in the

future: (1) Several protocols have not been initiated or are not progressing at the expected rate due to

problems with vector availability. (2) Future Data Reporting Forms should be modified to request more
detailed information about gene marking, i.e., polymerase chain reaction (PCR) data should be requested in a

schematic (time-course) format.

Dr. Erickson commented that different categories of gene transfer experiments require different types of

information to be obtained. He suggested that separate questionnaires should be used for each category. Dr.

Ross noted that the data obtained through this semiannual reporting mechanism is useful to the RAC, the

public, and investigators. Dr. Parkman stated that the data generated from these studies should eventually be

published in peer-reviewed journals, and in the interim, the RAC data reporting process would serve as a

mechanism to inform the public about the current state of the art. Dr. Smith stated that Dr. Parkman has

identified problems that need to be addressed in the future review of gene marking protocols and their

modifications. He noted the problem previously identified by Dr. Haselkorn regarding failure to accrue

patients on an approved study for more than 1 year.

Report on Gene Therapy/Cancer/Non-Vaccines-Dr. Samulski

Dr. Samulski stated that 21 gene therapy/cancer/non-vacdne protocols have been approved by the RAC to

date. The majority of these studies employ retrovirus vectors. Adenovirus vectors are used for 3 protocols in

this category and 5 involve direct injection of “naked" DNA into target cells in vivo. Four strategies have been

used to date: (1) incorporation of cytokine genes to stimulate an antitumor response, (2) antisense strategies

designed to turn off oncogenes, e.g., myc
, (3) tumor suppressor gene strategies, i.e., p53 to protect cells from

converting to a tumorigenic state, and (4) drug enhancement therapy, Le., introduction of the multi-drug

resistance gene and Herpes simplex virus (HSV) thymidine kinase (TK)/ganciclovir (GCV) strategy. The
primary endpoints of these Phase I studies are to address questions of safety and gene expression at the target

sites. Sensitive techniques such as PCR are used to evaluate gene expression. Efficacy is not a primary

endpoint for these Phase I studies. Dr. Samulski noted that significant toxidties have been reported for the

HSV-TK studies. These toxidties will be addressed later in the meeting.

Report on Gene Therapy/Cancer/Vacclnes-Dr. Erickson

Dr. Erickson stated that 17 of the 21 RAC-approved protocols on gene therapy/cancer/vaccine (lethally

irradiated tumor cells) have been approved by the N1H Director. Only 11 of these studies are currently active.

A total of 70 subjects have been entered onto these 17 NIH-approved studies, with 38 deaths (due to

progressive disease). Dr. Erickson recommended that future Data Report forms should request information

about humoral and cellular immunity. He stated that with one possible exception (Dr. Brenner’s Protocol

#9206-018), there has been no evidence of biological efficacy in any of the studies. No significant toxidties

have been observed.

Report on Gene Therapy/Inherited Genetic Disorders-Dr. Motulsky

Dr. Motulsky noted that approximately 20% of the RAC-approved studies involve inherited genetic disorders.

The data derived from these studies are limited due to the fact that monogenic diseases are extremely rare.

The information derived from Dr. Blaese’s SCID-ADA protocol (#9007-002) is encouraging; however, gene

transfer into stem cells has not been demonstrated, and all subjects are concurrently receiving PEG-ADA
enzyme replacement therapy. Dr. Motulsky stated that 5 subjects were entered on Dr. Wilson’s familial

hypercholesterolemia study (#9105-005). Although the data from Dr. Wilson’s study were published in the

peer-reviewed journal. Nature Genetics ,
these data have been challenged by experts in the field who contend
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that the observed decrease in serum cholesterol may not be due to gene transfer. Such an effect was not

considered in the published data. Dr. Motulsky was concerned about the invasive procedure involved in this

gene therapy protocol such as removing part of the liver and reinfusing the gene-modified liver cells to the

patients. Dr. Motulsky recommended that ad hoc experts should be included in the review of future protocols

involving novel strategies in which the RAC may have limited expertise. Dr. Motulsky explained that the 8

cystic fibrosis (CF) studies have yielded valuable information regarding biochemical and biological evidence of

corrections. Although toxicity was observed in one patient, the vector dosage was modified, and the subject’s

symptoms were transient. No subjects have been entered on the RAC-approved studies for Gaucher disease,

Fanconi anemia, alpha-1 antitrypsin deficiency, rheumatoid arthritis, or peripheral artery diseases. Dr.

Motulsky noted that there are many groups working on the same disease such as CF; therefore, a coordinated

effort between investigators would facilitate progress. Dr. Walters noted that there is some evidence of gene

transfer in bone marrow cells (between 2 and 5% colony forming units) tested at 1 year after transduction of 2

infants in the SCID-ADA protocol. Dr. Noguchi commented that if there is a limited population of patients,

more than one of these studies must be synergistic not antagonistic. He was pleased to note that such

coordination was encouraged by the Cystic Fibrosis Foundation at its annual meetings. Dr. DeLeon asked if

there is any protocol that has progressed beyond the Phase I stage. Dr. Noguchi responded that there are no

Phase II studies approved to date.

Ms. Meyers asked if there is any evidence of long-term gene expression. Dr. Parkman responded that long-

term expression is not an objective for these CF studies. Persistence of marked normal hematopoietic

progenitor cells has been demonstrated for up to 18 months in Dr. Brenner’s acute myelogenous leukemia

patient gene marking study. There is opportunity to learn from these marking studies whether long-term

expression occurs in adults compared to children. Ms. Meyers was encouraged by the results and asked why

the SCID-ADA protocol has not been modified to enter additional patients or to eliminate concurrent PEG-
ADA enzyme replacement therapy. Dr. Parkman said once the long-term persistence in stem cells is

established, it will be medically appropriate to consider reducing the PEG-ADA dosage.

Dr. Saha asked if gene therapy efficacy can be assessed in these SCID-ADA patients. Dr. Parkman responded

that the observed clinical benefits are probably attributed to the synthetic PEG-ADA enzyme replacement. In

order to definitively establish whether this clinical benefit is due to gene therapy, it is necessary to reduce or

discontinue the PEG-ADA therapy. Such experimentation poses an ethical dilemma for physicians since they

are obligated to do no harm to patients. One possible endpoint to assess the contributing effect of gene

transfer would be to determine whether there is an increase in the number of the circulating T lymphocytes

bearing the transgene since these cells are of donor origin. Dr. Walters commented that the results need to be

documented in a scientific publication; there has been anecdotal account of this treatment in Larry

Thompson’s book, Correcting The Code (Simon & Schuster, New York, 1994). Dr. Chase expressed his

uneasiness about the inconclusive nature of the experimental design as well as the anecdotal account of the

study. He stressed the need to have the general public more accurately informed about the outcome of gene

therapy studies, and the Data Management Report has served this purpose very efficiently. Dr. Saha noted

that a similar study involving Gaucher disease may cost an additional $1,000 per day for concurrent enzyme

replacement therapy.

Dr. DeLeon asked whether efficacy is relevant for a Phase I study. Dr. Noguchi responded that efficacy is not

the primary endpoint. Dr. Noguchi noted that the parent of one subject demanded concurrent enzyme

treatment. Ms. Wilson noted that Dr. Blaese’s Data Reporting form stated that if the inserted gene persists

for 10-12 additional months, PEG-ADA therapy will be cautiously withdrawn, one patient at a time.

Dr. Anderson suggested that the RAC should request that investigators publish their data in the scientific

literature. Dr. Ross recommended that investigators should report data in a timely manner. She noted that

several closed protocols have not submitted data.

Report on Gene Therapy/HIV-Dr. Straus
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Dr. Straus stated that a total of 40 patients have been entered on 5 gene therapy/HIV studies. The major

problem with these studies is that the investigators have failed to provide timely data reporting. Minim al data

have been provided regarding biological efficacy.

The RAC approved Dr. Wong-Staal’s protocol (#9309-057) in September 1993, but it is still waiting for final

NIH and FDA approvals. Mr. Capron inquired if there is any particular reason for the long delay. Ms.
Wilson noted that the protocol has been approved by NIH after the deadline of the data reporting. Dr. Wong-
Staal’s protocol was recommended for approval contingent on the submission of additional preclinical data

involving primary human CD34{ + ) cells. These data were only recently submitted for approval. Dr. Noguchi
could not comment on the question of FDA approval

Dr. Samulski suggested that the information contained in the Data Management Report should be published in

a scientific journal to benefit others who are interested in gene transfer studies.

V-B. UPDATE ON ADVERSE EVENT REPORTS-PROTOCOLS INVOLVING PA317/GlTklSvNa VECTOR
PRODUCER CELLS/DRS. BERGER AND MARCUS

Dr. Walters called on Dr. Steven Marcus, Director of Regulatory Affairs of Genetic Therapy, Inc. (GTI),

Gaithersburg, Maryland, to provide an update of adverse events regarding the use of vector producer cells

(VPC), PA317/GlTklSvNa, in the treatment of brain tumors. These VPC have been used in Protocols

#9206-019, 9303-037, 9306-050, and 9312-059. Before discussing the adverse events, Dr. Marcus provided an

update of patient accrual on these studies. The initial clinical trial was conducted at NIH on 15 patients with

malignant brain tumors (13 of them had recurrent glioblastoma (Dr. Oldfield’s Protocol #9206-019)). Subjects

received intratumoral stereotactic administration of VPC. Based on the encouraging results from this first

trial additional clinical trials were initiated with a new generation of VPC which produced higher retrovirus

vector titers. One subject was treated on Drs. Oldfield and Ram’s leptomeningeal carcinomatosis protocol

#9312-059 which resulted in a very serious adverse event. Nine subjects have been treated on Dr. Culver’s

protocol #9303-037 involving monthly VPC injections through an Ommaya catheter into the tumor cavity of

brain tumor patients, followed by systemic GCV administration.

Dr. Marcus described the adverse events that have been observed on these studies to date. Two patients

developed hemorrhage after stereotactic injection of VPC; both have recovered. Two patients had serious

hypertension, fever, and headache, which were believed to be related to intraventricular injection of VPC.
Four patients developed seizures while on study, a common event occurring in patients with recurrent

glioblastoma. Two patients developed serious infections associated with catheter insertion; most patients were

on high dose steroid medication and were susceptible to infection. Autopsy results from one of these patients

revealed multiple abscesses throughout the body. The cause of death was staphylococcal bacteremia caused by

infection from the Hickman catheter. Autopsy of another patient revealed the cause of death by a pulmonary

embolus. There were additional 2 deaths in the ongoing study. A patient developed pancytopenia; studies of

the antiplatelet antibodies in the patient’s serum ruled out VPC reaction as a cause of death. One patient had

ischemic infarct in the opposite cerebral hemisphere believed to be unrelated to the injection. There have

been a total of 11 deaths in the 15 patients entered on Protocol #9206-019; and 2 deaths for the 9 subjects

entered on Protocol #9309-037. Dr. Marcus concluded that it is always possible that the causes of death are

related to VPC; however, data indicates that this relationship is improbable. Mr. Capron remarked that the

word "possible" means that the association cannot be ruled out.

Dr. Marcus stated that the average survival rate for patients entered on Protocol #9206-019 was longer than

the 3 months; this survival rate is greater than expected. Four patients have survived for periods of 21, 13, 11,

and 7 months respectively.

Dr. Haselkorn asked if any of these "extended survival" patients are off the study at present. Dr. Marcus said

that these patients received a single injection of VPC. Dr. Secundy asked if the quality of life has improved

for these patients. Dr. Marcus said their quality of life is quite good considering that these patients have

received prior craniotomy and radiation therapy. Dr. Chase commented that this study is uncontrolled;
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without some formal analysis of these results, any conclusion of efficacy (even for a Phase I study) is

unfounded. Dr. Marcus stated that in the new protocol the study design has been improved to assess the

survival data, taking into account the factors mentioned by Dr. Chase. Dr. Straus asked if any patient is

disease-free. Dr. Marcus said that one patient in Dr. Oldfield’s protocol remains free of the disease.

Dr. Mitchell Berger (Protocol #9303-037) stated that the survival rate of these 4 patients is encouraging. Dr.

Smith cautioned that referral-based studies automatically eliminate the sickest patients; similar bias has been

observed in leukemia studies. Dr. Smith agreed with Dr. Chase’s comments that these results do not provide

statistically significant data. Dr. Saha asked about the stage of tumors these patients have. Dr. Berger

responded that most patients have Grade 4 tumors. Ms. Meyers inquired if there is any magnetic resonance

imaging (MRI) indication that the tumors have disappeared in these 4 surviving patients. Dr. Berger answered

that a residual abnormality is normal for the long-term survivors and stressed that the stable condition of the

subject should be observed as a positive outcome.

Dr. Berger addressed the adverse effects observed in Protocol #9303-037. There are 2 possible causes for

these adverse effects: (1) the rate of VPC infusion, and (2) contiguity of the resection cavity with the

ventricular system. Rapid injection of VPC may cause leakage into the third ventricle that could irritate the

hypothalamus causing a hypertensive crisis and fever. The protocols has been modified to include an isotope

tracer to monitor for leakage and to administer the VPC at a slower rate.

Commenting on the seizure that occurred in one patient. Dr. Berger said if the routine anticonvulsant had

been given to that patient after brain tumor surgery, this episode of seizure might have been avoided. He said

that other complications are unlikely to be related to gene therapy, i.e., pulmonary embolism, infarct in the

contralateral brain, and infection of the Ommaya reservoir area.

Ms. Meyers asked if autopsy results indicated the presence of vector sequences in the surrounding tissue. Dr.

Marcus responded that 2 autopsies have been conducted; however, the preserved tissue has not yet been

analyzed, and the brains are being fixed in formalin but not yet examined.

Dr. Smith asked the investigators to comment on the report of finding vector sequences in the lung during a

hemorrhagic episode. Dr. Ed Otto (GTI) presented PCR data of blood samples from all 15 patients on

protocol #9206-019. PCR can differentially detect the vector and potential recombinant RCR generated from

the vector. The sensitivity of this assay is at a level of detecting 10 vector copies per 500,000 blood cells with

an assay competence of 99.99%. There is no evidence that any blood samples contained vector or RCR
sequences. A false positive result was obtained using a single neomycin resistance (neo

R
) gene marker;

however, when a second HSV-TK gene marker was included, none of the samples tested positive for both

markers.

Dr. Smith asked whether there was any evidence in the preclinical animal studies that GCV alone evoked a

reduction in tumor size, an effect described in Dr. Grossman and Woo’s protocol. Drs. Berger and Miller

(GTI) said they do not have definitive data in regard to this question.

Dr. Brinckerhoff asked if an immune response has been observed to the murine VPC. Dr. Yawen Chiang

(GTI) explained that immune responses to VPC were documented in several patients who have received

multiple VPC treatments. Some patients had VPC antibodies after a single treatment; however, these patients

apparently did not have any adverse hypersensitivity reactions. No immune responses, either humoral or

cellular, were observed in the rat model. Rats were treated with multiple intradermal VPC injections, and no

obvious hypersensitivity reactions were observed. Dr. Parkman commented that the rat is not a good model

for human hypersensitivity reactions; the guinea pig is the appropriate animal model and should be challenged

with subcutaneous injections, not intradermal injections.

Dr. Straus asked whether any retroviral sequences had been identified in the brain tissue obtained at autopsy.

Dr. Otto said that one autopsy analysis was incomplete due to failure to extract DNA from formalin fixed

tissue. A second cryopreserved specimen revealed no retrovirus sequences or RCR. Investigators have been
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informed that all specimens should be cryopreserved not fixed in formalin. Additional autopsy information is

unavailable because the majority of the families would not consent to autopsy.

Dr. Noguchi commented that FDA is concerned about the adverse effects, particularly infections relating to

either insertion of the Ommaya reservoir or that have been associated with the GTI GlTklSv.Na vector. This

protocol is a multicenter study, and the FDA is cautious about treating more patients, especially children.

Dr. Miller was concerned about the inference of efficacy by GTI for this Phase I study since there is no
control group and the comparison to the historical data may be biased due to selective patient enrollment. Dr.

Berger said that a formal Phase III study is required to answer the question of efficacy. Dr. Marcus
commented that it is very difficult to conduct randomized control trials for fatal diseases. Dr. Berger noted a

precedent in which the FDA approved a drug based on an expanded Phase II study since the drug was found

that a definite prolongation of survival over a matched historical control. Dr. Chase was concerned about a

scenario in which a drug could become a standard therapy although it had never undergone thorough

evaluation of efficacy.

V-C. FUTURE DIRECTIONS OF DATA MANAGEMENT REPORT-DRS. NOGUCHI AND SMITH

Dr. Walters called on Drs. Smith and Noguchi to provide an update on Data Management of human gene

transfer protocols. Dr. Noguchi explained that public RAC discussion of the semiannual Data Management
Reports serves a critical function. Public discussion of this information, particularly adverse event reporting, is

imperative to the FDA. The information accumulated by Ms. Wilson and the working group has been

proposed as a pilot project for the FDA’s $26 million Submission Management and Review Tracking project.

Dr. Noguchi thanked Ms. Wilson for her significant contributions to this ongoing effort. Dr. Noguchi

recommended that the RAC forward a letter of support for this project to the FDA Commissioner.

Committee Motion

A motion was made by Dr. Smith and seconded by Dr. Haselkorn to send a letter (as recommended by Dr.

Noguchi) to the FDA Commissioner. The motion passed by a vote of 17 in favor, 0 opposed, and no

abstentions.

Dr. Parkman recommended that each member of the working group should submit their recommended
changes to the Data Reporting Forms to ORDA that would capture information specific for their assigned

category.

Mr. Capron stated that the RAC should discuss implementation of Dr. Motulsk/s recommendation regarding

the inclusion of ad hoc experts for the review of novel protocols in which the RAC may have limited expertise.

Mr. Capron said the key issue was whether the RAC has the foreknowledge to determine the necessity for

such expertise. The RAC was unaware of the necessity for such review when Dr. Wilson’s familial

hypercholesterolemia study (#9110-012) was reviewed. Dr. Motulsky said that new target diseases or novel

applications of gene delivery may be triggers for ad hoc review. Dr. Parkman said that ad hoc experts would

benefit protocol review in the case where an assigned reviewer does not possess adequate expertise for the

proposed study.

Dr. Secundy expressed concern about the low autopsy rate for all gene transfer studies to date. There must be

increased communication between the RAC and investigators about the necessity of autopsy. Dr. Saha said

the investigators are the ones best able to make the scientific judgment about the need for specific autopsies.

Dr. Smith commented that the real issue is the reporting of autopsy results, not whether the autopsy was

conducted. Dr. Anderson’s account of detailed autopsies conducted on Dr. Rosenberg’s protocol #8801-001,

have never been reported to the RAC or published in the literature. Dr. Secundy suggested that the Points to

Consider in the Design and Submission of Protocols for the Transfer of Recombinant DNA Molecules into the

Genome of One or More Human Subjects (Points to Consider) should be amended to include more specific
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autopsy reporting requirements. Mr. Capron said that the RAC should specify required post mortem data for

individual protocols. Dr. Parkman agreed with Mr. Capron that biologically relevant data can be obtained by

requesting specific autopsy information for a particular protocol. Dr. Smith suggested that each member of

the working group should provide a list of required information to be transmitted to the investigators for the

next data reporting period. Dr. Zallen suggested that the page limitations described in the Points to Consider

should be modified to allow investigators to provide detailed responses to questions. Dr. Walters said that the

RAC could include specific autopsy recommendations for a particular protocol, and that these

recommendations could be included in their NIH approval letter.

VI. ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING A HUMAN GENE TRANSFER
PROTOCOL ENTITLED: ADENOVIRUS MEDIATED GENE TRANSFER FOR CYSTIC FIBROSIS:

SAFETY OF SINGLE ADMINISTRATION IN THE LUNG/DRS. DORKIN AND LAPEY

Review—Drs. Straus and Ginsburg (presented by Dr. Straus)

Dr. Walters called on Dr. Straus to present his primary review of the protocol submitted by Dr. Henry Dorkin

of the New England Medical Center, and Dr. Allen Lapey of Massachusetts General Hospital, Boston,

Massachusetts. In Dr. Ginsburg’s absence. Dr. Straus presented his primary review in combination with Dr.

Ginsburg’s written comments. Dr. Straus explained that this adenovirus aerosol administration proposal was

originally submitted in combination with the lobar instillation arm as a request for Accelerated Review.

Although the primary reviewers approved the lobar instillation arm of the study, the reviewers recommended

that aerosol administration of the adenovirus vector should be reviewed by the full RAC.

The adenovirus vector, Ad2/CFTR-2, has been previously approved by the RAC for direct installation

(Protocol #9212-036). The proposed Phase I study is designed to determine safety of lobar vector followed by

subsequent aerosol administration 2 months after lobar treatment (same vector dose). A total of 16 subjects

will be entered over a 10 month period and divided into 8 cohorts. In this dose-escalation study, subjects will

receive between 8 x 10
6 and 2J5 x 10

10
infectious units (IU). Subjects will be evaluated for clinical responses by

x-ray and epithelial brushings. Gene expression will be assessed by PCR. Subjects will be monitored for viral

shedding for 3 days following aerosol administration; outpatient follow-up will continue up to 10 years

following treatment. The investigators possess extensive experience in the clinical management of CF. Major

scientific and logistic support is provided by Genzyme Corporation, Cambridge, Massachusetts. The

investigators have provided adequate written responses to many of the technical issues raised in the primary

written review.

This protocol is the first study involving aerosol administration that has been submitted for RAC review. The

protocol provides a very vague description of the aerosol administration process. The RAC should consider

the following issues: (1) the mechanics of aerosol administration, (2) performance standards of the aerosol

devices, (3) possible penetration of the adenovirus vector into the small airways of the lung, (4) the possibility

of horizontal transmission and subsequent environmental impact, (5) individuals who will be permitted to enter

the facility during vector administration, (6) necessary protective clothing, (7) nebulizing masks, (8) airflow and

filtration devices, (9) proposed procedures for environmental decontamination and air sampling, and (10) the

potential for vector dissemination outside the containment facility. The investigators have provided written

responses regarding recommended protective equipment and techniques and have noted that experiments are

currently being conducted to determine the possibility of environmental transmission.

Dr. Straus described the canopy that the investigators have proposed to place over subjects as a filter. The

investigators have not provided any data demonstrating the effectiveness of such a canopy, i.e., fluorescein

labelled vector. Dr. Straus suggested the adoption of some of the techniques developed by Dr. Mark Sawyer

of the University of California at San Diego who detected environmental spread of varicella zoster virus and

respiratory syncytial virus. In their written responses, the investigators indicated that health care workers who

are present during aerosol administration will be monitored for vector contamination; however, Informed

Consent will not be requested.
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"Sentinel" mouse studies were conducted to address the potential risks of aerosol administration. "Sentinel"

mice were placed in the cage with vector-treated mice. Low level adenovirus sequences were detected in the

"sentinel mice" by PCR. The investigators assume that these adenovirus sequences were acquired by direct

contact. Dr. Straus suggested that this experiment should be revised so that these two groups do not have any

physical contact but share the same air space. Such studies would have to be conducted before approval could

be recommended.

Review-Mr. Capron

Mr. Capron stated that the original Informed Consent documents were verbose and difficult to follow. The
revised Informed Consent documents are improved over the original version. Since the proposed study

involves 2 separate institutions, the language in these 2 documents differs significantly, particularly with regard

to the provision of medical care in the event of research-related injury. The New England Medical Center

Informed Consent document indicates the provision of medical care for injury "directly caused by Genzyme
material." Such a statement falsely suggests that no other compensation would be available, e.g., in the case of

negligence. The Massachusetts General Hospital Informed Consent document indicates that medical care will

be provided at no cost but does not address other forms of compensation. Mr. Capron noted that the

investigator’s name was omitted as the contact person in case of injury from the Massachusetts General

Hospital document. With the exception of these specific issues, Mr. Capron stated that the revised Informed

Consent documents are acceptable.

Other Comments

Dr. Zallen noted that the investigators have not provided proper responses to several specific questions asked

in the recently revised Points to Consider (Appendix M-I-D). Considering the risk/benefit ratio of CF gene

therapy, Dr. Zallen questioned whether the ratio is appropriate to treat CF individuals with very mild

symptoms as proposed in this study.

Dr. Zallen expressed concern that the investigators stated in their written responses that a single day of patient

isolation should be sufficient based on data indicating that adenovirus cannot be cultured 24 hours following

nasal administration (Protocol #9212-036). Dr. Parkman commented that the proposed change should be

considered in determining the isolation period. The first several subjects entered on the study should be

monitored for virus shedding before being released. Dr. Parkman asked the investigators to comment on the

proposed period of time that will be allowed for decontamination of the facility prior to release of the treated

subject. Dr. Straus noted that similar precautions have been recommended for other RAC-approved

protocols. Data must be obtained regarding persistence of the vector in the environment. Dr. Samulski

recommended that an infectious particle assay would provide a more accurate assessment of environmental

persistence rather than PCR analysis.

Investigator Response-Drs. Dorkln and Lapey

Dr. Dorkin described the containment equipment proposed to protect health care workers. The proposed

system involves 3 levels of containment. The first containment level is provided by the nebulizer unit. The
vector will be delivered by intermittent nebulization activated by inspiration. Subjects will wear nose clips and

protective clothing and exhale through a High Efficiency Particulate Air (HEPA) filter with an 99.999%

efficiency. The system will approximate a closed system as long as the patient is breathing through the

mouthpiece. Nebulization is limited to 2 seconds during inspiration. The second level of containment is

provided by the "Demistifier 2000" canopy. Nebulization of the vector will occur within this canopy in which

air is drawn upward from the bottom of the canopy and out through the filter at a rate of between 4 and 6 air

exchanges per minute. The third level of containment is provided by the negative pressure room which

exceeds 12 air exchanges per hour. Health care providers will be required to wear similar protective clothing

such as the HEPA-filter masks. Dr. Dorkin said that the recommended techniques developed by Dr. Sawyer

will be used to sample both the inside and outside air. The subject will undergo nebulization of the vector for

30 minutes. Following the nebulization procedure, the subject will be required to remain within the canopy for
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approximately 1 hour to minimize the possibility of exhaling virus particles into the environment. Following

release from the canopy, the subject will be required to remain in the negative pressure facility for 24 hours.

Dr. Dorkin stated that the subjects will be monitored for viral shedding by culture conducted 24-hours post-

vector administration. Culture results will be available at 3 days; if the culture results are negative, the subject

will be discharged. If the culture results are positive, the subject will be required to remain in isolation until

viral shedding is no longer detected.

Dr. Parkman stated that the stipulations for approval of Dr. Flotte’s (#9409-083) adeno-assodated virus-CFTR

protocol should be applied to this study. The following stipulations should apply: (1) Submit a revised

protocol that explains that each cohort will be evaluated for virus shedding. If virus shedding is detected at 2>

10 days post-vector administration, vector administration to subsequent cohorts is prohibited. Any subject in

whom virus shedding has been detected 2 10 days post-vector administration will be released from the

hospital; however, family members and close contacts will be informed of the possibility that the subject may
be secreting virus. The RAC recommended that if a subject is released from the hospital while actively

shedding vims, family members and dose contacts should be evaluated for the presence of the vector. Dr.

Dorkin agreed to revise the protocol according to Dr. Parkman’s suggestions.

Dr. Dorkin stated that Dr. Zallen’s request for an autopsy is in the revised Informed Consent document. Dr.

Dorkin stated that complications unrelated to gene therapy, e.g., small bowel obstruction (a common
complication of CF patients) will be covered by third-party insurance. Medical care will be provided for other

complications (such as respiratory infection) for 3 months following treatment. Genzyme will not indemnify

complications that occur after that 3 month period. Mr. Capron stated that such a policy is acceptable

provided that these provisions have been dearly disclosed to subjects who are considering partidpation in the

study. Dr. Dorkin agreed to clarify this issue in the Informed Consent document.

Dr. Dorkin explained that decisions regarding patient accrual will be discussed weekly at the CF center and

will involve all the members of the center who are involved in the care of patients. Accrual will not be based

on a single physician’s recommendations. Dr. Zallen stated that it is preferable that a neutral person obtains

Informed Consent. Dr. Dorkin asked if it would be acceptable to have the patient’s primary care physidan or

another physidan at the center, other than the patient’s prindpal consultant, to obtain the informed consent.

Dr. Zallen said that Dr. Dorkin’s suggestion is an acceptable arrangement. Dr. Lapey noted that the

Massachusetts General Hospital IRB requires that a patient advocate obtain Informed Consent.

Dr. Parkman suggested that health care workers should be required to provide Informed Consent since they

will be acting as "sentinel" individuals with regard to monitoring for viral spread. Dr. David Meeker

(Genzyme) explained that health care workers will be tested by virus culture.

Mr. Capron asked whether the period of virus shedding is related to dosage. Dr. Meeker said that there was

no evidence of virus shedding in Dr. Welsh’s nasal administration study using vector doses up to 1 x 10
10
IU.

Dr. Richard Mosdcki (Genzyme) stated that the cohorts for dose escalation will be staggered between the

bronchoscopic and aerosol administration arms of the study. If evidence of virus shedding is observed

following lobar instillation, no patients will receive aerosol administration.

Dr. Miller asked if fluorescein studies were conducted to determine the extent of virus spread. Dr. Dorkin

said that similar studies have been conducted involving aerosol administration of ribavirin. Dr. Straus

cautioned that major concerns have been raised by pulmonary physicians as a result of the ribavirin study

because ribavirin was detected on the subject’s face and in the environment. Dr. Dorkin responded that

HEPA filtration will provide more effective containment. HEPA filtration was not employed in the ribavirin

study. Dr. Miller emphasized that additional studies must be conducted to determine the extent of virus

transmission. Dr. Parkman agreed that a mock experiment involving aerosol administration of fluorescein

labelled particles would be the preferred experimental design. Dr. Dorkin agreed to conduct the proposed

fluorescein experiments and provide this data to the RAC.
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Dr. Glorioso noted that the extensive precautions proposed by the investigators is impressive, and provides a

greater level of containment than the Biosafety Level (BL)-2 that is required for vector production.

Committee Motion 1

A motion was made by Dr. Straus and seconded by Dr. Erickson to defer approval of the protocol until the

investigators return to the full RAC with additional safety data regarding virus transmission following aerosol

administration.

Dr. Judith St. George (Genzyme) requested permission to present additional safety data derived from a

"sentinel" mouse experiment. The original experiment was flawed because the animals were allowed to come
in contact with each other. The experiment was redesigned such that animals shared the same air but were

physically separated by a porous barrier. Two mice received 1 x 10'° IU of the adenovirus vector in the nose

and were placed opposite (separated by the porous barrier) 3 "sentinel" mice. On Day 3, the animals were

sacrificed and assayed for vector sequences by PCR. Vector sequences were detected in the lung and nose of

the treated animals, whereas there was no evidence of virus sequences in the "sentinel" animals at any site.

There is no evidence of virus spread through the air. Dr. Samulski asked about the sensitivity of the PCR
assay. Dr. St. George responded that lung tissue spiking experiments demonstrated a level of sensitivity

between 1 in 1 x 10
3 and 1 x 10

4
particles. Dr. Parkman noted that the level of sensitivity is very low and does

not adequately address virus spread through aerosol administration.

Dr. Haselkorn noted that the proposed adenovirus vector is replication-defective and that the proposed safety

precautions exceed the requirements for previous adenovirus vector/CF studies. Dr. Dorkin requested that the

requirement for additional safety studies be included as a contingency for approval.

Dr. Walters reminded the committee that the current motion involves deferral of the protocol until the

investigators return to the full RAC with additional safety data. Dr. Miller suggested approval of the protocol

contingent on review and approval of the additional data. Dr. Straus accepted Dr. Miller’s recommendation to

approve the protocol with stipulations.

In formulating the stipulations, Dr. Straus noted the necessity for data demonstrating safety to health care

workers both inside and outside of the nebulization chamber. Dr. Meeker emphasized that the multiple levels

of containment represent "state of the art" technology to prevent virus spreading. Dr. Straus noted that this

protocol is a precedent setting study for aerosol adenovirus vector administration, and he would prefer to

review the data before approval Dr. Parkman stated that aerosol administration is obviously crucial to the

long-term potential applicability of gene therapy for CF, and the burden of proof is on this precedent-setting

case.

Mr. Capron asked for clarification of the proposed experiments that would be required. Dr. Straus stated that

a mock experiment would be required involving either fluorescein marking or a sensitive PCR assay to detect

vector DNA and to monitor virus spread inside and outside of the treatment room over a specified time

course. Dr. Miller expressed concern that coughing during the nebulization procedure could introduce

potential hazard.

Dr. Motulsky proposed an amendment to Dr. Straus’s motion to defer the protocol. A motion was made by

Dr. Motulsky and seconded by Mr. Capron to approve the protocol contingent on submission of safety data

and subsequent review by a subcommittee via a telephone conference call. The amendment passed by a vote

of 18 in favor, 0 opposed, and no abstentions. Ms. Meyers remarked that the entire RAC should review this

data before recommending approval. The RAC should not rush approval of this study.

Dr. Parkman remarked that the subcommittee should have the option to approve/disapprove the study based

on subsequent data or request that the data be presented to the entire RAC if deemed necessary. Drs.

Erickson and Parkman requested inclusion on the subcommittee and expressed their reservations regarding the

sensitivity of the PCR assay.
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Dr. Zallen asked the investigators to explain their decision to treat subjects with mild disease. Dr. Dorkin

responded that data derived from mild to moderate disease states is very important since the likelihood of

exacerbations, which could complicate interpretation, is less for this population. Dr. Moscicki added that the

mild disease patients are the eventual target population for this therapy, therefore, the safety study should

include this group of subjects.

Dr. Straus asked the investigators to submit a specific written description of the proposed safety experiment

for approval by the subcommittee prior to initiation of the experiment. Dr. Walters agreed that prior approval

of the experimental design will avoid any misunderstanding between the RAC and the investigators.

Committee Motion 2

A substitute motion was made by Dr. Straus and seconded by Dr. Erickson to accept the protocol submitted

by Drs. Dorkin and Lapey contingent on the review and approval of the following by a subcommittee of the

RAC: Data derived from "mock" experiments demonstrating that health care workers (both inside and outside

of the treatment room) will be protected from inadvertent exposure to the adenovirus vector during

nebulization. These mock experiments will not be conducted by the investigators until the experimental design

has been mutually agreed upon between the investigators and the members of the subcommittee via a

telephone conference call (Drs. Ginsburg, Erickson, Straus, and Parkman). The substitute motion passed by a

vote of 17 in favor, 0 opposed, and no abstentions. The RAC will be informed of the accepted experimental

design.

Summary

Dr. Henry Dorkin of the New England Medical Center, Tuft University, Boston, Massachusetts, and Dr. Allen

Lapey of Massachusetts General Hospital, Harvard Medical School, Boston, Massachusetts, may conduct gene

transfer experiments on 16 subjects (sl8 years of age) with CF. The replication-deficient adenovirus vector

AD2/CFTR-2 will be used to deliver the human cystic fibrosis transmembrane conductance regulator (CFTR)
gene to the lung of CF patients by aerosol administration. AD2/CFTR-2 is an El/partial E4 deleted type 2

adenovirus. The adenovirus construct includes the phosphoglycerate kinase promotor which drives CFTR
expression. AD2/CFTR-2 is identical to the vector used in Dr. Michael Welsh’s protocol #9312-067 and Drs.

Dorkin and Lapey*s protocol #9409-091. This aerosol administration protocol will not be initiated until an

initial safe dose has been determined in the lobar instillation arm of the study (Protocol #9409-091). Subjects

will receive between 8 x 10
6 and 2.5 x 10

l° IU of the adenovirus vector. The objective of the study is to

evaluate the safety of a single aerosol dose of AD2/CFTR-2. Subjects will be monitored for evidence of virus

shedding and transgene expression.

VII. DISCUSSION OF ETHICAL CONSIDERATIONS RELATIVE TO IN UTERO SOMATIC CELL AND GENE
THERAPIES/DRS. PATTERSON (FDA), ZALLEN, MOTULSKY, AND MR CAPRON

In a letter dated November 3, Dr. Noguchi submitted a letter regarding the ethical considerations of in utero

somatic cell and gene therapies. Dr. Noguchi’s letter states:

"The extension of gene therapy to the treatment of fetal disease in utero is imminent. In view of the

recent realignment between the RAC and the FDA in the consolidated review process for new gene

therapy protocols, the many ethical considerations raised by in utero gene therapy would optimally be

addressed in a public forum. The expertise and the resources of the RAC will be invaluable in laying

the groundwork for the consideration of future protocols which will include in utero somatic cell and

gene therapies."

Dr. Walters called on Dr. Motulsky to initiate the discussion. Dr. Motulsky said the issue of in utero gene

therapy is an outgrowth of fetal stem cell transplantation proposals. Fetal stem cell transplantation is currently

under consideration because the fetus is immunologically tolerant. In utero gene therapy should be considered
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only in cases of imminent life-threatening disease from birth through the first few years of life, e.g, Tay-Sachs

and alpha-thalassemia. One of the major difficulties that will be encountered is gene delivery to the fetus. It

probably will be impossible to target the gene in a fetus younger than 4 months. In order to be effective, the

gene would have to be delivered between 4 months and birth.

Dr. Motulsky stated that both a fetal advocate and a maternal advocate would be required. The most
appropriate choice for a fetal advocate would be a geneticist with expertise in the target disease. The most
problematic issues will be: (1) the most appropriate time for gene delivery, and (2) the most appropriate

candidates to receive this therapy. Should this therapy be made available only to those mothers who refuse

abortion so that the fetus will be provided the best available treatment options? Should the therapy only be
made available as an alternative option to mothers who have elected to have an abortion? There are

convincing arguments for and against both options.

Dr. Glorioso noted that animal experiments have shown that retrovirus gene delivery results in the correction

of stem cell defects in fetal lung cells which results in long-term transgene expression after birth. In situations

where immune rejection of transduced cells is a problem for gene therapy, in utero gene transfer could prove

beneficial in cases were immune rejection is problematic.

Mr. Capron stated that fetal gene therapy is a very pertinent issue for the RAC to address and suggested that

experts in the field should be invited to educate the RAC on relevant issues. Mr. Capron disagreed with Dr.

Motulsky regarding the necessity for a fetal advocate. Given the current legal and moral system, the pregnant

woman should be provided with state-of-the-art information so that she and her mate (if involved in the

decision making process) can make an informed decision. Mr. Capron said that it is inappropriate to have an

individual who possesses authority to argue the case of the fetus as opposed to the mother’s choice. There are

people who will disagree with this point of view, which is the reason that further public discussion is necessary.

Dr. Walters stated that this discussion will be continued following Dr. Amy Patterson’s in utero gene therapy

presentation.

VIII. ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING A HUMAN GENE TRANSFER
PROTOCOL ENTITLED: INTRATUMORAL INJECTION OF HERPES SIMPLEX THYMIDINE KINASE
VECTOR PRODUCER CELLS (PA317/GlTklSvNa.7) AND INTRAVENOUS GANCICLOVIR FOR THE
TREATMENT OF LOCALLYRECURRENT OR PERSISTENT HEAD AND NECK CANCER/DR.
GLUCKMAN

Review-Dr. Parkman

Dr. Walters called on Dr. Parkman to present his primary review of the protocol submitted by Dr. Jack

Gluckman of the University of Cincinnati Medical Center, Cincinnati, Ohio. Dr. Parkman stated that this

protocol is similar to other GTI sponsored protocols involving the injection of murine VPC secreting the HSV-
TK vector followed by the intravenous administration of GCV. Preclinical studies have demonstrated that

intratumoral injection of HSV-TK VPC (intracranial tumors) followed by GCV administration resulted in the

tumor regression whereas no effect was observed on control tumors injected with VPC expressing LacZ.

Dr. Parkman explained that this Phase I/H proposal involves the administration of HSV-TK VPC for

persistent or recurrent head and neck tumors. Fourteen days following VPC injection, subjects will receive 5

mg/kg GCV twice daily for 7 days. Subjects will be reevaluated on Day 30. Subjects who have evidence of

antitumor response or stable disease will be eligible for 2 additional cycles of VPC/GCV therapy. Subjects

must be greater than 18 years of age, have recurrent or persistent disease not amenable to curative therapy,

not have received alternative therapy within 30 days prior to the initiation of this study or evidence of disease

progression, and their tumors must be accessible to direct injection.

Dr. Parkman raised several specific questions regarding the present protocol, some of which have been

addressed by the investigators in their written response. The major principle used for cytokine evaluation in
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gene therapy protocols is that the preclinical data should correlate directly with the proposed tumor target.

Different responses will be observed based on the tumor type. Minimal data have been provided to

demonstrate an antitumor effect in the proposed target cell. Approximately 60% of the data involves

hepatocellular carcinoma cells, about 30 to 35% involves squamous cell carcinoma, and 5% involves lung

cancer and brain tumor cells.

Dr. Parkman noted that the nude mice experiments are invalid. These mice received either a combination of

human hepatocellular carcinoma cells and PA317 alone or PA317 VPC (HSV-TK vector). Following GCV
administration, the amount of tumor regression observed with VPC was equivalent to the regression observed

with non-modified PA317 cells. If the effect observed with the modified and unm odified cells is the same, why
should patients be subjected to any potential risk relating to the recombinant murine retrovirus? In their

written response, the investigators state that PA317 cells contain an HSV-TK expression plasmid which could

elicit a "bystander" effect. Dr. Parkman said that the data do not demonstrate any significant benefit over the

control VPC PA317 alone. The investigators have recently provided additional data indicating a differential

effect; however, the difference is not statistically significant. The investigators have performed an additional

experiment with the NIH3T3TK' cell line (HSV-TK negative), but the results of this experiment are

inconclusive.

The investigators have provided data involving human squamous cell carcinoma, a tumor type that is more
relevant to the protocol. One animal was injected with a combination of 2/3 non-transduced cells and 1/3

transduced cells in one flank and with non-transduced cells on the contralateral side. After GCV treatment,

tumors on both sides regressed. The small difference observed in tumor regression between the two flanks

can be attributed to variability in the number of tumor cells that were injected. The data suggests that GCV
alone may act as a therapeutic agent for squamous cell carcinoma.

Dr. Parkman concluded from these data that GCV results in tumor regression by a mechanism that is not

clearly understood. It remains to be determined whether VPC co-injection is necessary to elicit tumor

regression. Dr. Parkman said that he would not be comfortable approving this protocol since the preclinical

data are inconclusive.

Review—Dr. Ross

Dr. Ross expressed concern that the proposed study employs the same VPC that have been administered to

subjects in other protocols that have reported many adverse effects. These adverse effects have been

attributed to intratumoral injection, biopsies, or rapid rate of VPC infusion. However, the causes for these

events have not yet been determined. To what extent the adverse effects will be limited to patients with brain

tumors is unknown. She asked if it is advisable to use the VPC to treat the head and neck tumors. She

suggested that tumors should be independently evaluated by more than one individual by computer

tomography (CT) or MRI. Independent blinded tumor measurement would ensure reliability of the data.

Dr. Ross made several comments in regard to the Informed Consent document: (1) Pronouns should be used

consistently throughout the Introduction To The Procedures section, (2) The term "response" should be

replaced with "reduction in tumor size" throughout the Purpose Of This Study section, (3) Tumor evaluation

should be explained thoroughly in the Screening section, (4) The discriptor "teaspoon" should be added to "5

ml" and additional biopsy information should be added to the Treatment section, (5) The request for autopsy

information should be expanded to include specific details about information that will be obtained in the

Follow-Up section, (6) Phone call follow-up is not adequate, and should be included in the Amount Of Time

Required For This Study section, (7) Other possible risks, Le., renal impairment, retinal problem, and headache

should be included in the Risks Of Cytokine Therapy section, (8) The cost of participation should be thoroughly

explained in the Cost section, and (9) Name and phone numbers of other contacts should be added in the

Questions section.

Review-Dr. Motulsky (presented by Dr. Parkman)
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Dr. Parkman presented Dr. Motulsky’s written comments. Dr. Motulsky states that the investigators are using

a biologically plausible gene therapy approach for cancer therapy yet they do not define the exact nature of the

head and neck tumors to be studied. The exact type and extent of the tumors to be treated should be

thoroughly defined. Dr. Parkman stated that the other issues raised in Dr. Motulsky’s written review have

been previously addressed.

Other Comments

Dr. Brinckerhoff asked the investigators to comment on the possible immune reactions that could occur in

response to these murine cells. VPC injection into head and neck tumors is very different than administering

these cells in brain tumors which are insulated by the blood brain barrier. The proposed study could induce

serious humoral and/or cellular immune responses and anaphylaxis. Dr. Parkman remarked that even for the

brain tumor protocols, inflammatory response in the closed brain space could be serious; however, sometimes

the inflammatory responses against the tumors are beneficial to the therapy. The special concern for the head

and neck is that a local edema can sometimes be a serious problem. Dr. Parkman suggested that a skin test

should be performed to determine the possibility of a delayed hypersensitivity reaction in patients. Dr.

Brinckerhoff agreed that such a skin test would provide a beneficial screen for hypersensitivity.

Dr. Miller questioned the persistence of VPC in head and neck tumors. Will VPC persist long enough in situ

to secrete enough vector to transduce the tumor cells? The injected VPC might be immediately lysed by

human complement. He explained that complement lysis was less of a concern for the brain tumor studies

since there is a low complement level in cerebral spinal fluid. Many studies suggest that VPC are lysed

immediately in peripheral tissue. Dr. Miller commented that the rat is not a valid animal model for evaluating

complement activity since rat complement does not lyse murine VPC. An appropriate model for complement

gctivity would be a larger animal, i.e., a canine or primate model. The investigators should study the

persistence of VPC in human tumors.

Ms. Meyers asked for clarification regarding the antitumor effects observed with GCV alone. She inquired

whether the antitumor responses observed in other studies could be attributable to GCV alone. Drs. Parkman

and Smith noted that these GCV effects have not been observed in the HSV-TK/VPC brain tumor studies.

These effects have been only observed in the preclinical human squamous cell/nude mice studies.

Dr. Miller asked the investigators to clarify the difference between this modified vector and the previously

approved vectors.

Investigator Response-Dr. Gluckman

Dr. Gluckman stated he would address the clinical and Informed Consent issues, and that Drs. Peter

Stambrook (University of Cincinnati) and Chiang would respond to vector related issues.

Dr. Gluckman explained that the majority of head and neck tumors involve squamous cell carcinoma that

arises from the mucosa of the upper digestive tract, i.e., cancer of the mouth, tongue, pharynx, larynx, and the

cervical esophagus. When these tumors are diagnosed early, current therapies may be effective; if tumors are

presented at later stages, treatment is extremely difficult and requires extensive surgery in combination with

radiation therapy. There is about 50% recurrence rate, and recurrent tumors usually occur locally, causing

tremendous problems in the head and neck areas. These patients have no other alternative therapy. Since

recurrence usually occurs locally, the tumors are easily accessible for evaluation and treatment, which may

offer an advantage to the proposed gene therapy approach. MRI, CT scans, and ultrasonography can be

effectively utilized to guide VPC injection and monitor antitumor response. The toxicity associated with the

HSV-TK/VPC brain tumor protocols is related to cerebrospinal fluid circulation and will not be a problem for

head and neck tumors. Since the majority of these patients have tracheostomy and gastrostomy, any potential

complications due to local edema can be safely corrected. He noted that the Informed Consent document has

been revised in response to the primary reviewers’ recommendations and approved by the IRB.
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Dr. Chiang explained that this modified vector incorporates a 3’ non-coding HSV-TK deletion which

circumvents any potential for RNA splicing and results in higher vector titers. In response to Dr. Parkman’s

question regarding the necessity for VPC, Dr. Chiang stated that both VPC and GCV are essential for the full

therapeutic effect. Dr. Chiang described an experiment that was conducted to determine the relationship

between HSV-TK enzyme activity and the "bystander" effect. The 9L glioblastoma cell line was added to: (1)

VPC expressing variable levels of TK enzyme activity, (2) PA317 (some endogenous TK activity), and (3)

NIH3T3TK(-) (no endogenous activity). Data demonstrate that a threshold level of TK activity is required for

the GCV "bystander" effect and that little difference is observed beyond this threshold level Dr. Parkman
commented that the experiment described by Dr. Chiang involved a glioblastoma cell line, not a human
squamous cell carcinoma line.

Dr. Chiang presented data demonstrating PA317 (endogenous TK) sensitivity to GCV killing. In contrast,

NIH3T3TK' and untransduced 9L cells were insensitive to GCV killing. She noted that similar in vitro studies

have been conducted using a squamous cell carcinoma cell line; however, the in vivo experiments involved only

the hepatocellular carcinoma model

In response to Dr. Brinckerhoffs concerns regarding immune reactions. Dr. Chiang stated that VPC immune

responses were observed in the rat model; however, no serious adverse effects were identified upon

pathological examination.

In regard to Dr. Miller’s question about VPC persistence, Dr. Chiang said that no primate data is available.

Dr. Anderson stated that he has conducted experiments in which VPC were injected into porcine livers and no

complement lysis was observed for 5 days. Porcine complement lyses murine VPC in vitro, which indicates

that the complement levels within the liver are low. VPC are lysed within 30 minutes when injected directly

into the blood; however, VPC will remain viable up to 5 days in the lymphatic system.

Dr. Stambrook presented data demonstrating the "bystander" effect in a squamous cell carcinoma cell nude

mouse model The first experiment involved mixing tk+ and tk- squamous carcinoma cells at a 1:3 ratio and

injecting them into the left flank of the mouse; an equal number of tk- cells (5 x 10
6

) were injected into the

right flank. Following a period to allow for tumor growth, treatment with GCV was carried out, and both the

right and left flanks showed tumor regression. Upon histological examination of the regressing tumor, there

was some evidence of lymphocyte infiltration. The significance of this observation remains to be determined.

In the second experiment, squamous cell carcinoma cells were injected in both right and left flanks of the

mouse, followed by injection of PA317 cells; following treatment with GCV, there was tumor regression in

both flanks. A third experiment was conducted as a control; when HSV tk- 3T3 cells were used instead of

PA317 cells, there was no evidence of tumor regression following GCV treatment. This result was consistent

with the suggestion of Dr. Parkman that PA317 cells may contain HSV-tk.

Dr. Parkman noted that the investigators may have discovered a new mechanism by which TK and GCV may

be able to destroy distant tumors, but it seemed unlikely that the killing effect was the same as the "bystander"

effect observed by other investigators. For example, it was unlikely that there would be any gap junction

established between human and murine cells. Furthermore, there was no data to suggest the persistence of

the VPC for a sufficient period of time in vivo to allow for gene transduction to occur. Additional experiments

to explain the "bystander" effect would be necessary.

Dr. Brinckerhoff agreed with Dr. Parkman. She was concerned about the lack of immunological data in

humans. The data from the rat model does not adequately address the question of immune reaction. If an

anti-VPC reaction does occur, these cells could be lysed even more quickly by complement.

Committee Motion

A motion was made by Dr. Parkman and seconded by Dr. Erickson to defer the protocol. Although the

proposal is a logical extension of the HSV-TK/GCV strategy previously used in the brain tumor protocols, too
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many questions remain regarding safety and potential efficacy. The "bystander" effect must be more clearly

understood since the mechanism appears to be different from the effect observed for brain tumors. There is

no rationale for exposing subjects to possible risks of the retroviral vector since PA317 (no vector) are equally

effective as VPC in combination with GCV therapy. The investigators must demonstrate: (1) VPC are

clinically superior to PA317, and (2) persistence of VPC for an appropriate period of time in a large anim al

model or equivalent in vitro experiments involving appropriate lysing antibodies to murine cells.

Dr. Gerard McGarrity (GTI) made several comments: (1) The blood brain barrier in glioblastoma patients is

not absolutely intact; therefore, similar immune reactions would be expected for both studies. (2) Rat serum

does contain anti-murine antibodies that inactivate VPC; therefore, the rat data are valid. (3) The proposed

head and neck protocol is an ideal system to obtain data regarding VPC persistence since tumor and tissue

samples will be readily accessible. (4) Regarding the "bystander" effect, the 9L rat glioblastoma data was

shown because this system is where most data is available; whereas, the hepatocellular carcinoma is the worst

case scenario.

Dr. Parkinan noted that the biology of one tumor type does not predict response in another tumor type;

therefore, preclinical data derived from an appropriate tumor model is critical The rat model is not an

adequate model to determine VPC persistence; larger animals, Le., primates are more appropriate. The
ongoing porcine experiments will be acceptable if the serum can be shown to kill the murine fibroblasts and

the VPC are persistent for greater than 30 minutes. Dr. Haselkorn agreed with Dr. Parkman’s comments

about the necessity to conduct the proper experiments. Dr. Miller stated that data should be provided

demonstrating that transduction of the TK gene is responsible for the therapeutic effect of GCV. In addition,

Dr. Parkman stated the data should be provided to explain the mechanism of the "bystander" effect on tumors

at other sites. Dr. Erickson said that the data must demonstrate that VPC are clinically superior to PA317.

A motion was made by Dr. Parkman and seconded by Dr. Erickson to defer the protocol submitted by Dr.

Gluckman by a vote of 16 in favor, 0 opposed, and no abstentions. The protocol was deferred until the

investigators return to the full RAC with additional preclinical data in a squamous cell carcinoma/large animal

model demonstrating the persistence of PA317/GlTklSvNa.7 VPC and that administration of

PA317/GlTklSvNa.7 VPC is clinically superior to PA317 cells alone. The RAC strongly recommended that

the mechanism of the distant "bystander" effect should be established.

ADDITION TO APPENDIX D OF THE NIH GUIDEUNES REGARDING A HUMAN GENE TRANSFER
PROTOCOL ENTITLED: PHASE I TRIAL OF INTERLEUKIN-2 PLASMID DNA/DMRIE/DOPE UPID
COMPLEXAS AN IMMUNOTHERAPEUTIC AGENT IN SOUD MALIGNANT TUMORS OR
LYMPHOMAS BY DIRECT GENE TRANSFERJDRS. HERSH, AKPORIAYE, HARRIS, STOPECK,
UNGER, AND WARNEKE

Review-Dr. Miller

Dr. Walters called on Dr. Miller to present his primary review of the protocol submitted by Drs. Evan Hersh,

Emmanuel Akporiaye, David Harris, Alison Stopeck, Evan Unger, and James Warneke, of the Arizona Cancer

Center, Tucson, Arizona. Dr. Miller explained that the proposed study involves direct intratumoral injection of

a liposome/plasmid DNA vector encoding human IL-2. The investigators hypothesize that local IL-2

production will stimulate an antitumor response. A similar strategy has been employed for other RAC-
approved protocols. Although there is little evidence that this strategy works in humans, there is sufficient

preclinical data to support the protocol. The vector is liposome based; therefore, concerns about virus spread

and transmission are negligible.

One potential concern is the possibility that the plasmid could enter and integrate into normal immune cells.

If such integration were to occur, constitutive IL-2 production (a growth stimulatory cytokine) could promote

uncontrolled cell proliferation. The argument that the proposed DNA administered does not integrate is

probably incorrect; stable transfectants can be isolated in cell culture by using this DNA transfer technique.
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The rate of integration may be low; therefore, an argument can be made that transformation of immune cells

to IL-2 independent growth is unlikely, but presumably there will still be some risk. The possibility that gene

transfer might result in uncontrolled cell growth was not a safety concern for the human leukocyte antigen-B7

human gene transfer experiments. The supporting preclinical data is derived from short-term murine

experiments. Long-term primate experiments would have been preferable to demonstrate safety. Dr. Miller

said that the plasmid DNA poses little risk to others, but there could be some harm to patients in term of

stimulation of T-cell growth in those patients. The safety issues need to be addressed in animals prior to use

in humans.

Review-Dr. Saha

Dr. Saha said that this protocol is very similar to other RAC-approved protocols involving IL-2. One major

difference is that the present study will utilize administration of IL-2 cDNA in liposomes without the benefit of

a viral vector. One advantage of the proposed gene transfer method over viral vectors is that there is less

likelihood of insertional mutagenesis. Liposome delivery is a less expensive means of gene transfer than viral

delivery. There are no direct comparative studies of these two gene transfer methods. He said that most of

his questions have been adequately answered in the investigators’ written responses. He strongly suggested

that potential subjects should be encouraged to seek a second opinion regarding their options for further

treatment before being enrolled in this protocol. He did not agree with the investigators’ written response that

a second opinion is unnecessary because subjects will have failed all other available therapeutic options. Dr.

Saha recommended approval of the study based on the life expectancy of the patient population and the

precedent that has been set by approval of other IL-2 human gene transfer protocols.

Other Comments

Dr. Zallen commented that the investigators have provided adequate responses to Appendix M-I-D Informed

Consent of the Points to Consider. She inquired about the limited amount of time in which subjects are

required to make an informed decision about their participation in the study, i.e., 24 hours to 2 weeks.

Dr. Parkman noted that the proposed study involves unspecified solid tumors and lymphomas. However, there

is significant data in the literature that suggests that melanoma and renal cell carcinoma are more responsive

to IL-2. Will the inclusion of numerous tumor types complicate the study design and a subsequent

interpretation of data? Is there any evidence that IL-2 is effective in treating lymphoma? There are

alternative therapies available for lymphoma, i.e., autologous bone marrow transplantation.

Ms. Meyers thought that the Informed Consent document was very poorly written and should be revised. A
request for autopsy should be included, and the patient responsibility for medical cost of untoward effects

should be clearly disclosed. Mr. Capron agreed that the statements regarding medical costs are difficult to

follow and should be clarified. Ms. Meyers stated that it is unacceptable to exclude patients from participation

in the study who are unable to pay for such costs. Mr. Capron remarked that Phase I studies are not intended

to benefit patients.

Dr. Miller asked the investigators to clarify inconsistencies between the actual IL-2 sequence and the sequence

that has been published in the literature.

Investigator Response-Drs. Scheiber and Hersh

Dr. Alan Scheiber (Vical, Inc.) responded to Dr. Miller’s concern about the safety of the IL-2 plasmid DNA.
Dr. Scheiber said that in vitro transfection produces stable transfectants in fibroblasts at a frequency between 1

and 5 x 10'5
. Lymphocytes are more difficult to transfect by this liposome/DNA technique. Short-term murine

safety studies of intravenous injections have been conducted. The primate study is still ongoing (Day 65 at the

present time), and no hyperproliferation of T-cells has been observed. Dr. Miller said that T-cell transfection

by IL-2 cDNA should be evident by Day 65.
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Dr. Scheiber clarified Dr. Saha’s concern about the sensitivity of the PCR assay (60 copies of the plasmid in 1

mg sample of total DNA). With this assay, plasmid DNA sequences can be detected at 1 week and 1 month
following intravenous injection of high vector doses. Intravenous injection is intended to represent a worst

case scenario, i.e., leakage to the blood circulation. Most of the plasmid DNA injected into tumors is rapidly

degraded in situ. Once the supercoiled circular DNA is nicked by the enzyme, expression of IL-2 cDNA is

greatly reduced.

Dr. Hersh said that patients will be offered multiple treatment options including no further therapy (supportive

care at home), referral to other institutions, and gene therapy. The patients are referred to the Arizona

Cancer Center by community medical oncologists; therefore, a second opinion has already been provided. Dr.

Hersh agreed to revise the Informed Consent document according to Dr. Zallen’s suggestions. Dr. Hersh
stated that subjects referred to the Arizona Cancer Center have already made the decision to participate in

this study; therefore, the 24 hour minimum waiting period protects subjects from making a hasty decision

about participation. The 2 week maximum period is included to minimize any substantial changes in the

patient’s disease status and maintain consistency for data evaluation. Patients are informed that this protocol

is a Phase I study designed to determine safety and the maximally tolerated dose and the biological activity of

the construct. Potential subjects are informed of the experimental nature of the study and that no therapeutic

benefit is expected. The history of most Phase I therapeutic studies suggests that approximately 20% would

show some evidence of therapeutic effect. Dr. Hersh agreed to delete this Phase I trial information from the

Informed Consent document if the RAC has concerns about this statement. Dr. Zallen requested that the

statement be deleted from the Informed Consent document.

Dr. Hersh explained the following reasons for not limiting the types of solid tumors to melanoma and renal

cell carcinoma. Animal model studies have shown that IL-2 may be effective against other solid tumors, e.g.,

lymphoma and colon cancer. He stated his preference for maintaining the broader approach. A variety of

tumor types will provide an opportunity to obtain a broader range of information that will be useful for the

design of future Phase II trials. The antitumor mechanism of IL-2 is different for immunotherapy than

systemic IL-2. Systemic delivery induces lymphokine activated killer cells. IL-2 expression has been achieved

with a variety of tumor cells in vitro including hepatocellular carcinoma, melanoma, renal cell carcinoma,

breast cancer, and ovarian cancer.

Dr. Hersh agreed to clarify the Informed Consent document regarding the patient’s responsibility for medical

costs. When subjects are referred by their oncologists, the basic medical tests have been already conducted.

Once the subject enters the protocol, essentially all costs for physician visits, administration of the agent,

follow-up CT scans and other services are covered. The patient’s third party insurance is expected to cover the

costs of conventional follow-up.

Dr. Hersh agreed to clarify the statement in the Informed Consent document regarding the cost of treating

any adverse effects. He said that two minor adverse events were observed in the previous trial (Protocol

#9403-072). One patient required overnight hospitalization for treatment of severe pain in the injected

nodule. All of the expenses for this hospitalization were covered by the sponsor. Efforts will be made to

admit patients who do not have any health insurance. In such cases, the physicians charges will be waived, an

effort will be made to obtain free medication from pharmaceutical companies, and the hospital will be

petitioned to waive the cost of hospitalization. Since 90% of the anticipated costs will be covered by the

sponsor, cost should not be a decisive factor to subjects considering participation.

Committee Motion

A motion was made by Dr. Miller and seconded by Dr. Haselkorn to approve the protocol contingent on

incorporation of suggested changes to the Informed Consent document and clarification of minor

inconsistencies in the IL-2 DNA sequence.

Dr. Parkman said the investigators have made a reasonable argument for inclusion of a broad range of solid

Recombinant DNA Research, Volume 20 [457]



Recombinant DNA Advisory Committee - 12/1-2/94

tumors.

The RAC approved a motion made by Dr. Miller and seconded by Dr. Haselkom to accept the protocol

submitted by Drs. Hersh, Akporiaye, Harris, Stopeck, Unger, and Warneke, by a vote of 13 in favor, 0

opposed, and 1 abstention. Approval of the protocol is contingent on review and approval of the following by

Drs. Miller, Saha, and Zallen: (1) verification of the vector sequence, and (2) a revised Informed Consent

document incorporating the changes suggested by Dr. Zallen.

Dr. Erickson abstained from voting due to his affiliation with the same institution. Mr. Capron commented
that the investigators have efficiently responded to the questions raised by the RAC, and that the protocol was

reviewed within the time limit of the agenda. He reminded other investigators to follow the same rule to limit

their oral responses to the RAC’s questions. The presentation of data not submitted 2 weeks prior to the

meeting is prohibited. The investigators for the previously reviewed protocol overlooked these criteria.

Summary

Dr. Evan Hersh, Emmanuel Akporiaye, David Harris, Alison Stopeck, Evan Unger, and James Warneke, of

the Arizona Cancer Center, Tucson, Arizona, may conduct gene transfer experiments on 25 subjects (£18 years

of age) with advanced solid malignant tumors or lymphoma. Subjects will receive intratumoral injection of the

plasmid DNA/lipid complex, VCL-1102, which encodes the IL-2 gene in an attempt to induce an antitumor

response. The objectives of this study are to determine: (1) safety and toxicity associated with escalating

doses of VCL-1102; (2) IL-2 expression in tumor cells; (3) biological activity and pharmacokinetics; and (4)

whether expression of IL-2 stimulates tumor regression.

X. ADDITION OF APPENDIX D OF THE NIH GUIDEUNES REGARDING A HUMAN GENE TRANSFER
PROTOCOL ENTITLED: CLINICAL PROTOCOL FOR MODIFICATION OF TUMOR SUPPRESSOR
GENE EXPRESSION IN HEAD AND NECK SQUAMOUS CELL CARCINOMA (HNSCC) WITHAN
ADENOVIRUS VECTOR EXPRESSING WILD-TYPE P53/DR. CLAYMAN

Review-Dr. BrinckerhofT

Dr. Walters called on Dr. Brinckerhoff to present her primary review of the protocol submitted by Dr. Gary

dayman of MD Anderson Cancer Center, Houston, Texas. Dr. Brinckerhoff stated that head and neck

squamous cell carcinoma (HNSCC) is among the most frequent cancer, accounting for nearly 45,000 new
cancers per year in this country and throughout the world. Mortality remains at nearly 55% and has not

changed since contemporary radiation therapy was implemented over 30 years ago. This disease may have

profound effects on speech, swallowing, and the appearance of affected individuals. Patients who have failed

local and regional therapy usually have a median survival of 6 months. Subjects with recurrent head and neck

cancer exhibit readily accessible tumors that can be measured, treated, and biopsied without significant

discomfort to the patient.

The replication defective adenovirus vector will be Ad5CMV-p53, introduced into the patient’s tumor cells to

determine whether a normal copy of the p53 tumor suppressor gene can slow or inhibit tumor cell growth.

The objectives of this study are to: (1) determine the maximum tolerated dose of the adenovirus vector, (2)

determine the qualitative and quantitative toxicity and reversibility of toxicity of this treatment, and (3)

document the antitumor activity. Subjects will be divided into 2 groups: (1) those who have advanced

inoperable HNSCC cancer, and (2) those who are surgically resectable but not surgically curable. Subjects will

receive an initial vector dose of 1 x 10
6
plaque forming units (pfu). Three subjects will be entered at each dose

level with 6 patients entered at the maximum tolerated dose. Treatment will be repeated 3 times per week for

2 weeks. Treatment will continue on a monthly basis in the absence of tumor progression or adverse

reactions.

Dr. Brinckerhoff stated that the rationale and experimental design for the proposed study are reasonable. The
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small font size used for the Points to Consider is unreadable; investigators should succinctly summarize their

responses with a readable font. She noted the following concerns regarding the preclinical data: (1) Data has

not been provided demonstrating that all tumor types have receptors for the adenovirus vector. (2) The
investigators indicate that transduction of the p53 gene induces apoptosis of tumor cells; however, the data are

indirect and only suggestive of this mechanism. (3) Data has not been submitted demonstrating PCR sensitivity

capable of detecting 1 x 10
9
replication competent virus particles. Additional data must be provided regarding

tumor specificity, apoptosis, and PCR sensitivity before recommending approval of the protocol.

Review-Dr. Haselkorn

Dr. Haselkorn agreed with the comments presented by Dr. Brinckerhoff. The most significant concern

regarding this study is the ability of the adenovirus vector to infect the target tumor cells.

Review-Dr. Secundy

Dr. Secundy said that the Informed Consent document should provide a clearer description of the number and

types of procedures that will be conducted, the anticipated time frame for these procedures, the possible risks

and benefits of the study, and the subject’s responsibility for costs. Will the ability to pay exclude subjects

from participating in the study? She recommended clarification of the last sentence in the non-technical

abstract.

Other Comments

Dr. Zallen said that the Informed Consent document language relating to costs associated with medical care is

much improved as compared to other protocols previously submitted by MD Anderson Cancer Center

investigators. She suggested that the description of the waiting period between surgery and study eligibility

should be clarified. A 6 week delay is inappropriate.

Dr. Walters noted that the revised Informed Consent document has clarified the medical cost statement, i.e.,

the experimental treatment and related costs will be provided free to the patients.

Dr. Parkman asked the investigators to provide additional information regarding in vivo transduction of

Ad5CMV-p53 in the microscopic residual disease flap model. What is the mechanism of the "bystander" effect

by which nontransduced cells are killed?

Dr. Samulski said that introduction of the wild-type p53 gene into tumor cells that contain a p53 mutation is a

reasonable therapeutic strategy. Multiple p53 mutations have been identified, some of which result in very

stable p53 proteins. Have the p53 mutations been characterized to determine their effect on tumor cell

proliferation following wild-type p53 transduction? What are the cellular effects of high level wild-type p53
protein expression? Dr. Walters noted that the wild-type p53 gene functions as a checkpoint control

mechanism, causing the cell to rest between cell cycles.

Dr. Saha said that some individuals are predisposed to tumor development because of a hereditary mutation in

one allele of the p53 gene. Following a somatic mutation of the second allele, tumors develop. Is preferential

mutation of the transduced wild-type p53 gene a possibility in predisposed individuals? Dr. Samulski said that

such mutations are random events, and it is unlikely the transduced gene will result in preferential mutations.

Dr. Walters remarked that the patients with Li-Fraumeni syndrome have germ line p53 mutations rendering

them susceptible to tumor development.

Dr. Smith explained the importance of determining the effect of the transduced wild-type p53 gene on normal

cells since the vector will transduce normal and tumor cells. Proper autopsy of these subjects would provide

an opportunity to obtain information regarding the persistence and distribution of adenovirus sequences in

advanced cancer patients that is not readily available from subjects in CF studies due to a longer life

Recombinant DNA Research, Volume 20 [459]



Recombinant DNA Advisory Committee - 12/1-2/94

expectancy.

Dr. Frank Sturtz (Progenitor, Inc.) raised several concerns regarding the use of the wild-type p53 gene to treat

cancer patients. The p53 gene was first recognized as an oncogene. Mutation of the CFTR gene render the

gene nonfunctional. Mutation of the wild-type p53 gene at several "hot spots" can produce mutant p53 proteins

that are very oncogenic. The proposed strategy has the potential for risk. If oncogenic mutations in the p53
gene occur during vector preparation, both subjects and health care workers could be at possible risk.

Dr. Miller inquired about the frequency of transforming p53 mutations in the adenovirus vector preparations.

Dr. Sturtz responded that he was not knowledgeable about the frequency of such mutations. However,

introducing a mutant p53 gene can transform an astrocytoma to a higher grade malignant tumor. Dr. Miller

said that adenovirus vector stocks should be screened for such mutations. Dr. Saha said that 50% of human
cancers have p53 mutations at several "hot spots," and that he is not aware of any assays available to detect

such mutations in adenovirus vector stocks. Dr. Glorioso noted that the frequency of stable human
transformation with this vector is extremely low since two separate low frequency events are required for

transformation to occur, i.e., oncogenic mutation of the p53 gene and integration of adenovirus sequences. Dr.

Samulski agreed that adenovirus sequences do not normally integrate into host cell chromosomes. However,

high level expression could interfere with the cell cycle and move the cell along a hyperplastic pathway.

Between 4 and 5 p53 mutation "hot spots" have been identified; therefore, a PCR assay could be developed to

detect such mutations in the virus stocks.

Dr. Haselkom said that the RAC should focus its discussion on the two significant issues: (1) development of

an assay to identify the potentially oncogenic viruses, and (2) duration of p53 expression in both normal and

tumor cells. The period of p53 expression will determine the degree of risk that a p53 mutant poses to normal

cells. Dr. Glorioso said that HSV has a mutation frequency of 1 in 1 x 10
6
per cell cycle; therefore, a 1 x lO

10

pfu virus stock would have an enormous number of mutations. Dr. SamuLski added that p53 mutations will

accumulate since this gene is nonfunctional. An experiment should be conducted involving the transduction of

normal cells with a mutant p53 construct to determine the effect of high level expression.

Dr. Walters asked the reviewers to clarify what are the principal differences between the present protocol for

squamous cell carcinoma of head and neck and Dr. Roth’s non-small cell lung cancer protocol that was

reviewed by the RAC at the June 1994 meeting (Protocol #9406-079). Dr. Smith stated that these same safety

issues were raised during the review of Dr. Roth’s protocol. Bronchoscopic delivery of Ad2CMV-p53 to the

lung (Dr. Roth’s protocol) could present a higher degree of risk than this direct injection head and neck tumor

study. Dr. Roth’s protocol includes a greater possibility of horizontal transmission due to aerosol distribution

of the vector. Dr. Saha expressed serious concern about the possibility of oncogenic p53 mutations in Dr.

Roth’s previously reviewed protocol. Dr. Walters noted that Dr. Roth’s protocol was approved by the RAC
contingent on the review and approval of additional safety data. The NIH Director has not yet approved Dr.

Roth’s study.

Dr. DeLeon asked the investigators to address the issue of p53 overexpression in normal cells. Dr. Saha

suggested Dr. Arnold Levine of Princeton University should be invited as an ad hoc consultant to address p53

issues. Dr. Ross asked if there is any concern about the present protocol that is not pertinent to Dr. Roth’s

study. Dr. Smith noted that Dr. Roth’s contingencies were: (1) intra-pleural administration of the adenovirus

vector will be eliminated from the protocol; therefore, a revised protocol and Informed Consent document are

required; (2) the protocol will be revised to include patient sputum titration assays on 293 cells (for both wild-

type and mutant vector) to be conducted until virus is no longer detectable (patients will be isolated for a

period of 1 week). The RAC did not address the safety issues raised during this discussion as part of Dr.

Roth’s contingencies for approval Dr. Secundy noted the necessity for adequate autopsy data for this

protocoL Dr. Samulski said that most of the safety concerns could have been avoided if the adenovirus vector

had been constructed differently, Le., include a promoter that preferentially expresses p53 in tumor cells and

not in normal cells.
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Investigator Response—Dr. dayman

Dr. dayman stated that 20 tumor cell lines have been assayed in his laboratory, all of these cell lines can be

equally transduced by the adenovirus vector. The "bystander" effect, i.e., cell killing without direct

transduction, has been characterized by electron microscopy, DNA fragmentation, and nuclear fluorescence

studies. All of these observations are consistent with the apoptosis mechanism. With regard to transduction

efficiency, an experiment was conducted in which a 1.5 cm solid tumor nodule was injected with 100 microliters

of 1 x 10'° pfu of vector. 25% of the tumor cells in that nodule expressed the transgene.

In response to Dr. Zallen’s concerns about the Informed Consent document. Dr. dayman said that there will

be no costs incurred to patients for surgery, post-operative follow-up, injections, or vectors. However,

treatment and procedures not directly related to the protocol will not be covered by MD Anderson Cancer

Center, e.g., standard therapy and long-term follow-up. Medical Care will be provided for residents of Texas

regardless of their insurance coverage.

Dr. dayman said that in vitro experiments were conducted using head and neck tumors and non-small cell

lung cancer cells. The "bystander" killing effect of nontransduced cells was demonstrated for all experiments.

Subjects will be characterized for p53 mutations; however, specific mutations will not be included as an

eligibility criterion. In vitro experiments with cultured tumor cell lines suggest that this "bystander" effect is not

p53 mutation-specific. The adenovirus vector is an episomal vector that produces transient expression of p53;

therefore, overexpression should not be a concern for subjects with limited life expectancy.

Dr. dayman stated that tumor accessibility is a major advantage with regard to autopsy information. Autopsy

analysis will include examination of the tumor and surrounding tissue. He agreed to perform PCR screening

assays to identify p53 mutations in the adenovirus vector stocks.

Dr. Parkman inquired whether 2 copies of the wild-type p53 gene can affect normal cell growth. Dr. dayman
responded that no growth effect was observed on either normal human fibroblasts or oral keratinocytes

transduced with the adenovirus vector; however, transient p53 expression was observed for 5 to 7 days. Dr.

Roth added that no morphological or proliferative effects were observed in non-immortalized human epithelial

cells. Dr. Glorioso asked about the multiplicities of infection (MOI) used for the preclinical experiments. Dr.

Roth answered that these studies were conducted using an MOI of 100 pfu per cell. A titer of 1 x 10
9
pfu was

analyzed.

Dr. dayman said that adenovirus is tropic to epithelial tumor cells but the cytomeglovirus (CMV) promoter is

not specific for the cell type that is targeted. Dr. Samulski mentioned that there are promoters that are

specific for prostate or liver cells.

Dr. dayman presented data involving 17 cell lines which have either homozygous mutations of both p53 alleles

or have two wild-type alleles transduced at an MOI of 100 to 1. Although the wild-type parental cell lines

show a slight delay in cell death, killing occurred equally in all of the cell lines tested. There was no effect on

the normal fibroblast cell lines. Dr. dayman showed data demonstrating apoptosis and infection efficiency. In

a dose response experiment, expression of the p53 protein was shown by an immunohistochemistry technique.

There was some inflammatory response to virus infection at high multiplicity. Antitumor effect was

demonstrated in murine experiments.

Dr. Wei Zhang (MD Anderson) presented data derived from consecutive HeLa cell infection experiments. No
replication competent adenovirus was detected in the vector stocks. Similar results were obtained using a

sensitive PCR assay specific for the Ela region of the wild-type adenovirus. Dr. Miller commented that PCR
data is acceptable since the assay has been properly validated by spiking experiments. The sequential

amplification assay has not been validated. Dr. Samulski commented that radioactive label uptake by newly

replicating adenovirus is a delayed phenomenon, requiring up to 48 hours to observe uptake. The experiment

demonstrating lack of replication at high MOIs is invalid because the data were collected at 24 hours.
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Dr. Zhang presented data demonstrating the lack of any growth effect on a normal human fibroblast cell line

whereas, tumor cells were killed. p53 gene expression in the normal fibroblasts lasted between 5 and 7 days.

He showed additional data demonstrating apoptosis. Addressing the issue of p53 mutations in the vector

stocks, Dr. Zhang showed data derived from in vitro transformation assays on NIH3T3 cells. No transformed

fod were observed indicating the lack of oncogenic effect of the adenovirus vector. The likelihood of any

oncogenic effect is slight because gene expression is transient.

Dr. Roth said that mutant p53 alone cannot transform normal cells; transformation occurs in cooperation with

other oncogenes. No evidence of NIH3T3 transformation has been observed at high MOI compared to the

positive transformation observed with the Abelson retrovirus. Transgenic murine experiments suggest that the

dominant negative effect of mutant p53 is very weak.

Dr. Roth stated that the protein molecule which appears to mediate the "bystander" effect ranges between 30

to 100 kilodaltons. This protein causes tumor cell killing through a mechanism that is consistent with

apoptosis. This protein is inactivated by trypsin digestion, heating, acetonitrile, and 0.1% sodium dodecyl

sulfate. De novo protein synthesis is required for the "bystander" effect to occur, as suggested by

cycloheximide inhibition. Progress is ongoing in an attempt to isolate this protein.

Dr. Parkman said that the biological significance of p53 mutations is the critical issue. He inquired whether

the primary reviewers of this protocol are comfortable with the results of the transformation assays using

replication competent adenovirus. Dr. Miller said that retrovirus transformation can be observed by focus

formation in the NIH3T3 cells 2 weeks post-infection; similar assays cannot be performed with the

adenoviruses since expression is transient. Dr. Samulski suggested that "hot spot" p53 mutations should be

monitored using a properly validated PCR assay. Dr. Roth stated that PCR sensitivity for detecting a

particular pS3 exon mutation or a single strand conformational polymorphism assay for point mutations is

approximately 10%. Dr. Miller asked if animal models are available to test for p53 mutations. Dr. Roth

responded that such experiments had been conducted in mice but cotton rat experiments were not conducted.

Dr. Glorioso suggested that a mutant p53 adenovirus vector should be constructed to use as a transformation

assay control. Dr. Roth said that other p53 mutant vectors have been shown not to cause cell transformation.

p53 requires oncogenes to transform most normal cells, e.g., K-ras.

Dr. Parkman said that a validated and sensitive transforming assay is preferable to a biochemical assay for the

detection of p53 mutations. The important factor is the biological significance of these mutations. A
transformation assay could be constructed using helper oncogenes to assay mutant p53 oncogenic activity. Dr.

Samulski agreed that cell transformation requires multiple events; a system to detect p53 oncogenic mutations

has to be set up in cooperation with other oncogenes. Dr. Glorioso said such a biological system to assess the

risk is necessary, te., to test the vector stocks in a cooperation type of transformation assay. Dr. Miller

commented that constructing an adenovirus with an oncogenic p53 is a risky experiment. Mr. Capron

suggested an alternative strategy for providing a biological containment, i.e., tumor-specific promotor which

could limit mutant p53 expression to target cells. Dr. Miller said that the albumin promoter elicits some

degree of specificity for liver cells; however, development of a tumor specific promotor would be difficult. Dr.

Samulski agreed with Mr. Capron that development of such a vector would be preferable. Dr. Roth

responded that a cancer specific promoter is a complex issue and should not distract the present proposal.

Committee Motion

A motion was made by Dr. Haselkorn and seconded by Dr. Brinckerhoff to approve the protocol contingent

on the submission of a validated assay which can detect potentially oncogenic p53 mutations in the vector

stock. Dr. Haselkorn expressed concern that the construction of an oncogenic p53 adenovirus would be more

hazardous than the theoretical risk of the proposed study.

Dr. Saha asked about the frequency of p53 mutations in the general population. Dr. Roth responded that

hereditary p53 mutations are rare. Li-Fraumeni syndrome represents a rare predisposition for the
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development of certain cancers due to a hereditary mutation. Dr. Roth stated that none of the 100 patients

who were screened had a p53 germ line mutation.

Dr. Glorioso asked Dr. Roth to compare the adenovirus p53 "bystander" effect to HSV-TK/GCV "bystander"

effect strategy. Dr. Roth said that the present "bystander" effect is much weaker than the effect observed with

HSV-TK. Dr. Glorioso asked about the rationale for using p53 instead of the HSV-TK/GCV.

Dr. Ross stated that any stipulations required for Dr. dayman’s protocol should be applicable to Dr. Roth’s

previous lung cancer protocol (#9406-079), so that the assays will be conducted for all the studies involving the

same adeno-p5J construct. Dr. Miller commented that the investigators have provided the best in vitro cell

culture data for the previous approval.

As a point of clarification. Dr. Chase said the present stipulation does not include construction of a more risky

vector with a mutant p53 gene. He said in this case he would support Dr. Haselkorn’s motion.

Dr. Samulski proposed a friendly amendment to the motion for approval of the protocol. In addition to the

PCR assays that will be used to show that mutant p53’s are not accumulating in the vector stock, he suggested

that there be additional assays to characterize the different types of p53 mutations. One could be able to

determine if there is a correlation between mutants that are stabilized with protein and accumulate versus

those mutants that produce a truncated or nonfunctional protein.

Dr. Parkman was concerned about the requirement for inclusion of a biochemical assay for p53 mutations.

Mutations occur in all genes. Although such a mutation would be expected in some virus stocks, the real

concern is posed by mutations that have a biological effect. A biological assay for such mutations would be

preferable to a biochemical assay. Dr. Samulski agreed with Dr. Parkman’s suggestion regarding the biological

assay. Dr. Roth agreed to discard any virus stock in which a p53 mutation is detected by PCR assay. Dr.

Glorioso suggested that co-transfection with the ras oncogene could be used to screen for oncogenic p53
mutants. Dr. dayman said that phenotypically "normal" oral keratinocytes infected by transforming human
papilloma virus (HPV)-16 and 18 exhibit normal growth when transduced with the wild-type p53 gene. This

HPV assay could be developed into co-transformation assay for the detection of oncogenic p53 mutants. Dr.

Haselkorn said such an assay should be an acceptable test for the adenovirus stocks. A subgroup of the RAC
should review the pertinent data.

Mr. Capron asked the investigators to use consistent terminology throughout the Informed Consent document,

and he suggested that the p53 gene be called "normal" instead of "wild-type."

Dr. Ross asked the investigators to specify post-mortem analyses that will be conducted at autopsy. Dr.

Clayman agreed to provide a complete description of such a plan.

Regarding Dr. Roth’s protocol (#9406-079) previously approved by the RAC, Ms. Meyers asked ORDA to

include a note to the NIH Director conveying the RAC’s concern about potential oncogenic mutations of the

p53 gene. Dr. Wivel explained that the NIH Director is always informed about contingencies for approval and

reasons for split votes when considering protocol approval. Dr. Smith said that the NIH Director should be

informed that the RAC retrospectively recommends amending its approval of Dr. Roth’s protocol (#9406-079)

contingent on each vector lot should be assayed for the presence of p53 mutants, using the same biological

assay recommended for Dr. dayman’s study. Dr. DeLeon said that a similar stipulation about autopsy

analysis should be included for Dr. Roth’s protocol. Mr. Capron said that the FDA should monitor the vector

lots in regard to the safety concerns raised by the RAC. As a point of clarification. Dr. Haselkorn stated the

assay for a mutant p53 in the adenovirus vector should be a biological assay such as the proposed HPV system

and not a PCR biochemical assay. Dr. Parkman confirmed that a biological screening assay will be required.

Dr. Smith said the RAC is giving the investigators a choice to propose a biological test that is acceptable to a

RAC subcommittee; if a vector lot is found to contain any mutant p53, it will be discarded.
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The RAC approved a motion made by Dr. Haselkorn and seconded by Dr. Brinckerhoff to accept the protocol

submitted by Dr. dayman by a vote of 16 in favor, 1 opposed, and 1 abstention. Approval of the protocol is

contingent on the review and approval of the following by the primary RAC reviewers: (1) Development of a

sensitive screening assay (preferably biologic — e.g., the HPV assay), to detect the presence of p53 mutants in

the adenovirus vector stocks. In the event that a mutant is identified, that stock will be discarded. (2) The
specific p53 mutation will be characterized for all subjects undergoing gene transfer. (3) Submission of a

detailed description of the analyses that will be conducted on available post-mortem tissue.

Ms. Meyers expressed her concern about approving this protocol before vector safety has been demonstrated

in this biological system.

Dr. Walters noted that a vote for approval of the protocol requires that the investigator satisfactorily meet all

stipulation requirements prior to forwarding the proposal to the NIH Director for approval.

Summary

Dr. Gary L. dayman of The University of Texas - M.D. Anderson Cancer Center, Houston, Texas, may
conduct gene transfer experiments on 21 subjects (> 18 years of age). Subjects will receive intratumoral

injections of the replication-defective type 5 adenovirus vector, Ad5CMV-p53, which contains the normal

human p53 tumor suppressor gene. The El region of Ad5CMV-p53 has been replaced with a p53 expression

cassette containing the human CMV promoter. Subjects will be divided into 2 cohorts: (1) those with

surgically accessible tumors, and (2) those with non-resectable tumors. This dose-escalation study involves

multiple administrations of Ad5CMV-p53. The objectives of the study are to: (1) determine the maximum
tolerated dose of Ad5CMV-p53, (2) determine qualitative and quantitative toxicity, and (3) document

antitumor activity.

XL CHAIR REMARKS/DR. WALTERS

On behalf of the entire committee, Dr. Walters presented 4 outgoing RAC members with certificates of

appreciation for their dedicated service to the RAC. He thanked the outgoing members for their tireless

contributions to the rapidly developing field of human gene therapy. The outgoing members are: (1)

Alexander Capron, LL.B., Professor, University of Southern California, Los Angeles, California; (2) Roy Doi,

Ph.D., Professor, University of California, Davis, California; (3) Constance Brinckerhoff, Ph.D., Professor,

Dartmouth Medical School, Hanover, New Hampshire; and (4) Robert Haselkorn, Ph.D., Professor, University

of Chicago, Chicago, Illinois.

XII. ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING A HUMAN GENE TRANSFER
PROTOCOL ENTITLED; GENE THERAPY OF PRIMARYAND METASTATIC MALIGNANT TUMORS
OF THE LIVER USINGACNS3 VIA HEPATICARTERYINFUSION: A PHASE I STUDY/DRS. VENOOK
AND WARREN

Review-Dr. Erickson

Dr. Walters called on Dr. Erickson to present his primary review of the protocol submitted by Drs. Alan

Venook and Robert Warren of the University of California, San Francisco, California. Dr. Erickson explained

that this protocol involves adenovirus vector delivery of the human p53 gene to subjects with hepatic metastasis

from colorectal cancer or hepatocellular carcinoma. Patient eligibility will be limited to subjects who have p53

defects. p53 is a tumor suppressor gene. Correction of the defective gene may decrease tumor growth. The

rationale for this proposal is similar to the rationale for Dr. dayman’s protocol; therefore, many of the

concerns are similar. The protocol is presented very well. Some of the concerns regarding the extent of virus

infection will be ascertained either by laparoscopic exploration or needle biopsy rather than evaluation of post-

mortem tissue.
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Dr. Erickson stated that initial concerns described in his primary review (i.e., efficacy, infection rates in

different tumor cell lines, and inhibition of tumor cell growth) have been adequately addressed by the

investigators. The investigators note that optimal responses to p53 transduction have been observed with

breast cancer and osteosarcoma cell lines. Hepatocellular carcinoma and colorectal cancer cells demonstrated

a positive response. The data derived from these preclinical studies adequately supports the protocol.

Dr. Erickson noted that ACN53 growth suppression was observed in some nonmalignant tissue culture cells

and tumor cell lines not containing the p53 mutation. This observation is different from the results reported

by Dr. dayman. The correlation between ACN53 antitumor responses and p53 mutations will be easily

obtained from this protocol. Dr. Erickson stated that the transduction efficiency obtained with hepatic artery

delivery is acceptable.

Dr. Erickson expressed concern about toxicity that was observed in experimental anim al studies at high doses

of ACN53. The elevations of liver enzymes in serum corresponded to severe liver toxicity with histological

evidence of liver cell necrosis. Such toxicity could decrease the subject’s ability to tolerate subsequent

chemotherapy if delivered by hepatic artery infusion. Nausea, vomiting, anorexia, and alopecia should not be

excluded as dose-limiting toxicity. Such symptoms are characteristic of hepatic damage. In their written

response, the investigators state that these symptoms are mostly non-specific and can be easily treated or

prevented by medications; if such symptoms are severe, dose-related toxicity will be considered. Subjects

should be carefully monitored to ensure that any hepatic toxicity is resolved before chemotherapy is initiated.

Most of the concerns regarding oncogenic p53 mutations raised during Dr. dayman’s review are relevant to

this proposal.

Review—Dr. Doi

Dr. Doi stated this Phase I study is designed to evaluate the safety, biological efficacy, and the dosage effect of

ACN53. ACN53 is a type 5, subgroup C recombinant adenovirus vector. The Ela, Elb, and protein IX
coding sequences have been replaced with the wild-type p53 expression cassette. This recombinant plasmid

will be introduced into the liver through the hepatic artery which supplies greater than 80% of the blood flow

to liver tumors. Hepatic delivery should optimize vector delivery to the tumor and minimize the exposure to

normal tissues outside the liver. This study is a Phase I open-label, non-randomized, dose-escalation trial. A
maximum of 27 patients will receive the adenovirus vector with the 3 initial patients receiving a dose of 1 x 10®

IU. If no dose-limiting toxicity is observed after 7 days, 3 patients will receive 1 x 10
9 IU; if no toxicity is

noted after 7 days, this increasing dose-treatment will continue until the last 3 patients have received 1 x 10
13

IU. In addition to clinical follow-up, studies will include an analysis of p53 transduction efficiency and stability,

distribution of ACN53 to non-liver tissues, and evidence of tissue damage.

Dr. Doi said that many of his initial concerns have been addressed in the investigators’ written response.

Potential liver toxicity still remains a significant concern. The investigators have stated that liver toxicity was

observed in animals at much higher doses than those that are proposed for the human study, i.e., 2,000 fold

greater than the initial clinical dose. He asked the investigators to further elaborate on this issue. Another

concern is the potential adverse effects on normal tissue. He asked the investigators to expand on the formal

toxicology studies in rats and primates. Other questions have been addressed including vector targeting,

persistence of the virus, and potential problems with over-expression in normal tissues. He inquired whether

there is any evidence of vector outside the treated tumor mass. Transduction of peripheral normal liver cells

was observed in the rat hepatoma model.

Review-Ms. Meyers

Ms. Meyers said most of her questions about the Informed Consent document have been addressed. She

requested a rationale for selecting a total of 27 subjects to participate in this protocol.

Ms. Meyers expressed concerns that the effects of the chemotherapy might make it difficult to determine
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whether hepatocellular necrosis results from the gene transfer or conventional therapy. In their written

response, the investigators note that chemotherapy toxicity is well characterized and can be differentiated from

vector-related toxicity, Ms. Meyers noted that side effects, such as nausea, will be difficult to differentiate

between these two treatments.

Ms. Meyers noted liver cell necrosis occurred in mice through tail vein injection of the vector. How can

hepatic delivery be compared to tail vein injection? The RAC should review primate hepatic infusion safety

data before approving the protocol for humans. No side effects can be ruled out as being unrelated to gene

transfer, including nausea. The investigators should be required to present the results from the ongoing

primate studies.

Other Comments

Responding to Ms. Meyers’ concern about tail vein injection. Dr. Erickson noted that the investigators have

performed a relevant rat experiment by hepatic artery delivery of the vector.

Dr. Parkman stated that he shared the same concern about toxicity with Ms. Meyers. The serum chemistry

analysis of liver enzymes in the mouse experiments is not adequate. Since a mouse is not a permissive host for

the adenovirus vector, Dr. Parkman preferred to have the study performed in a permissive host, Le., the cotton

rat. The proposed dose escalation schedule is too aggressive. The rat and primate toxicity studies are critical

for assessing acute toxicity and chronic hepatitis. Responding to Ms. Meyers’ question about differentiation of

chemotherapy and vector-related toxicities, Dr. Parkman explained that peak liver enzyme elevation occurs on

Day 7. Chemotherapy will not be initiated until Day 28; therefore, the effect of such therapy can be easily

differentiated from acute vector toxicity. Questions regarding chronic hepatitis have to be answered in the

long-term animal studies. He could not anticipate the outcome of the effect of liver toxicity to the subsequent

chemotherapy. Dr. Parkman emphasized more data is needed in order to address the issue of acute toxicity.

Dr. DeLeon noted that a primate model was not required for approval of Dr. dayman’s protocol. Dr.

Parkman said Dr. dayman’s study involves local vector injection. This proposal involves hepatic artery

infusion which has the potential for exposing a substantial number of normal cells to the vector. Dr. Smith

expressed concern about potential toxicity. Drs. Grossman and Woo’s preclinical primate data demonstrated

brain toxicity at high doses (adenovirus vector).

Dr. Samulski commented that the proposed vector construct has El (including the coding sequence for protein

IX), Ela, and Elb deletions. Both Ela and Elb deletions are common to other adenovirus constructs.

Deletion of the protein IX coding sequence renders this vector more heat sensitive and poses less risk of

horizontal transmission. He asked the investigators to address the issue of unintended vector spread to other

organs, e.g., the lung, as observed in the preclinical animal studies. Dr. Samulski suggested that attention

should be paid to vector construction for the primate experiments, to ensure that the vector is completely

permissive in that host. He added that a single alteration in the DNA-binding protein coding sequences

renders the vector more permissive in primates.

Dr. Doi asked if the timeframe for direct comparison of acute toxicity is comparable for mice and humans.

Dr. Parkman asked if there is any evidence of vector spread to ovaries or testes in the murine experiments.

Similar studies should be conducted on primates since this protocol is the first to administer high does of

adenovirus vector via the hepatic artery. Although systemic vector administration was proposed for Dr.

Nabel’s protocol (#9306-045), the risk of unintended transduction is higher for this adenovirus vector than Dr.

Nabel’s nonviral DNA/liposome complex.

Investigator Response—Drs. Venook and Warren

Dr. Venook stated that he is a medical oncologist and that Dr. Warren is a surgical oncologist. Dr. Venook

stated that the murine tissue distribution studies (tail vein injection), demonstrated transgene expression in the

spleen and adrenal glands but not in the lung. Viral DNA was detected in the lung. Additional information
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will be forthcoming from the ongoing hepatic infusion primate studies. The gonads were not examined for

vector distribution in the murine experiment but will be examined in the primate study. Dr. Dan Maneval

(Canji, Inc.) stated that the ovaries were negative for (S-gal marker expression.

Dr. Warren stated that the starting dose for the human study is 2,000-fold lower than the dose that caused

murine liver toxicity. The mouse is a relevant model to examine the toxicity of the replication-deficient

adenovirus vector because it is nonpermissive for virus replication but permissive for virus infection. Dr.

Samulski commented that adenovirus toxicity can be observed even in nonpermissive hosts. This second

generation adenovirus vector has reduced potential for toxicity because it is a temperature-sensitive mutant.

Dr. Maneval said that serum liver enzyme levels were not examined in the hepatic artery toxicity study.

Dr. Venook said that 27 patients are proposed for study was based on a dose-escalation scheme with 3 patients

in each cohort. The number of dose-escalation cohorts will be designed according to the results of the primate

toxicology study. If toxicity is encountered in the human studies, higher dose cohorts will not be initiated; 27

subjects is the projected number at the present time.

Dr. Glorioso asked if the toxicology studies involved preimmunized animals. The severity of an immune
reaction may vary depending on the immune status of the patient. Dr. Miller noted there is no mention of

immune status in the eligibility criteria and expressed concern about the potential for a stronger immune
response in preimmunized patients. Since most patients are expected to have prior adenovirus exposure,

experiments involving preimmunized animals is pertinent. Dr. Samulski remarked that in the CF protocols,

the exclusion criterion of antibody positive patients was deleted because most patients have prior virus

exposure. Dr. Glorioso said that the possible consequence of immune reaction in the CF studies is the loss of

some transduced cell in the lung; however, the entire liver could be rejected in this proposed study. Dr.

Parkman stated the issue of the preexisting immune response is twofold: (1) the possibility of decreased

transduction efficiency, and (2) the more serious concern of increased inflammatory response in the liver.

Preimmunized cotton rat studies are critical for determining hepatocellular damage. Dr. Miller expressed

concern that a severe reaction might occur during the dose-escalation schedule. Dr. Parkman said important

information can be obtained from the experiment comparing the toxicity in the immunized versus non-

immunized cotton rats.

Dr. Warren presented syngeneic Buffalo rat tumor model data demonstrating preferential uptake and

expression of the transgene following hepatic artery vector delivery by tumor cells as compared to the

surrounding liver parenchyma. This differential uptake and expression can be attributed to the preferential

blood supply from the hepatic artery to the tumors. Dr. Samulski commented that an alternative explanation

for this phenomenon could be that these tumor cells have acquired the property of preferential virus infectivity

during in vitro cell culturing, and similar preferential virus infectivity may not exist in the natural liver cancer

cells.

Dr. Venook stated not all patients are expected to receive both hepatic pump placement and subsequent

chemotherapy. These patients will provide information about long-term side effect of ACN53 treatment alone.

Patients undergoing pump placement will receive chemotherapy 28 days following ACN53 treatment. This

timeframe will allow for evaluation of the safety and biological efficacy of ACN53 treatment. The normal

toxidty pattern associated with chemotherapy is predictable and well characterized; therefore, any unusual

occurrence due to gene transfer should be readily recognizable. Dr. Venook emphasized that the liver

function can be sensitively monitored by assaying serum liver enzymes rather than depending on the less

specific symptoms such as nausea and vomiting. This Phase I study will provide further toxicity data from

humans.

Dr. Samulski asked if anim al toxicity studies will be performed on both immunized and non-immunized

animals. Dr. Parkman said if the cotton rat experiment demonstrates no difference in toxicity, then there will

be no need to conduct preimmunized primate studies; however, if differential toxicity is observed, additional

primate studies will be required. Dr. Finkle (Canji, Inc.) said that a formal toxicology study plan has been
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negotiated with the FDA. Dr. Samulski noted a published animal study by Dr. James Wilson and his

colleagues (Philadelphia, Pennsylvania) indicating that there is no gene transduction if the adenovirus vector is

administered to preimmunized animals; transduced cells are eliminated by the immune responses. Dr. Miller

said that the human situation may be different since the adenovirus exposure may have happened long ago. In

addition. Dr. Warren stated that not all the virus administered through the hepatic artery will pass through the

liver and enter into the systemic circulation.

Dr. Miller stated that virus stocks should be assayed for oncogenic p53 mutations. Dr. Richard Gregory

(Canji, Inc.), stated that wild-type p53 is dominant over the mutant p53; the co-transformation assays have

been performed with the ras oncogene in cells that do not contain wild-type p53. In an endogenous situation

such as in the Li-Fraumeni syndrome, the wild-type and mutant alleles are expressed at the same level. If the

mutant p53 is expressed at a high level by virus transduction, the cellular effect may be significant. Dr.

Walters asked if it is a concern that the vector has an oncogenic p53. Dr. Venook said it is less of a concern

for patients with advanced cancer, but Dr. Warren agreed to perform the same type of biological assays

required of other protocols, e.g., the HPV assay. Dr. Bryan Finkle (Canji, Inc.) added that a formal toxicology

study will be completed before initiating the human trial; such data will be presented to the FDA.

Dr. Parkman stated that the RAC is equally concerned about the safety data, and the RAC should be careful

in considering approving a protocol when a large amount of toxicity data is not presented. Mr. Capron

remarked that the task of monitoring the vector lots can be delegated to the FDA, but the initial deliberation

of safety testing should be conducted by the RAC.

Committee Motion 1

Ms. Meyers made a motion to defer approval of the protocol until the investigators return to the RAC with

complete toxicology tests in mice and primates, safety testing of p53 mutations, and a detailed description of

the analyses to be conducted on available post-mortem tissue. Dr. Secundy seconded the motion. Dr. Smith

added a friendly amendment that the immunized cotton rat experiment should include assessment of toxicity

and efficiency of transduction. Dr. Parkman emphasized that the toxicity data of immunized versus non-

immunized permissive hosts, i.e., cotton rats, is required. In addition, the data pertaining to germ line

integration in non-immunized rats is needed. Dr. Smith asked to review the additional data from the monkey
experiment.

Dr. Erickson made a substitute motion to approve the protocol with stipulations to be consistent with other

approved adeno-p53 protocols. There is some concern about the systemic administration of the vector but a

similar route of administration has been approved for DNA/liposome complexes.

Dr. Miller stated that the risk in the present study is greater than other approved protocols: The therapeutic

gene will be transduced by a virus vector at a high concentration, and there is a concern about the

unpredictable immune response to the vector. There is a need to review the rat data before approving the

study. In addition, hepatic artery administration is different from the local injection of the adenovirus vector

into a tumor mass. Dr. Parkman said that he shared the same concern about safety: There are some

toxidties from the mouse data, and some effects on normal cells of gene transduction, espedally by the mutant

p53. These effects are significant in the hepatic artery delivery of the vector. A detailed autopsy plan is

appropriate for this study, information regarding peripheral persistence and integration after vector

administration through the hepatic artery is valuable. Dr. Venook agreed that it is the goal of this study to

obtain information regarding vector distribution. Dr. Finkle stated that similar information will be obtained

from the primate study, and safety information has been induded in the proposal. Dr. Miller emphasized that

the critical preimmunized animal data is not available.

Mr. Capron suggested several changes of the wording of the Informed Consent document, Le., substituting the

words "therapeutic agent" for "therapeutic drug." The autopsy plan should be specific in regard to questions of

how to sample the tissue, under what conditions, and what to examine by what tests. Dr. Venook agreed to
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revise the Informed Consent document.

Dr. Walters noted that the immunity involves both the humoral and cellular immune responses. Dr. Parkman
explained that the immunized animal study is to address two issues: (1) how much less infection in the

preimmunized animals, and (2) how much more toxicity in these animals. The stipulated immunized cotton rat

experiment will address these two issues.

Dr. Finkle said if the RAC approves the clinical part of the Phase I study, the investigators will perform the

animal studies on safety to meet all the RAC stipulations. Dr. Ross stated that there are too many
contingencies to approve this protocol; it should be deferred until more information is provided.

Mr. Capron asked how much time is needed to complete the safety study. Dr. Finkle said the rat experiment

can be completed shortly, and the primate study will take several months. Dr. Wivel said the deadline for

protocol submission for the March RAC meeting is January 9, 1995; if it is a deferral, the investigators have to

meet the deadline. Ms. Meyers noted that the experiments will take time to complete; therefore, there is no

rush for approval Dr. Finlde stated it is extremely important to know that the investigators are moving

forward on the right track, and a positive opinion of the RAC is cruciaL Drs. Miller and Parkman explained

that deferral is not disapproval; the concept of the proposal is acceptable, but the safety data is inadequate.

Mr. Capron asked if the immunized rat experiment will provide definitive information. Dr. Parkman

responded affirmatively. Mr. Capron and Dr. Erickson asked if a subcommittee could review such data;

therefore, the RAC could approve the protocol with contingencies; however, if there is toxicity in the rat

experiment, the protocol should not go forward.

Dr. Secundy stated that she would not vote for approval of this protocol since the investigators did not provide

the required materials outlined in the Points to Consider. A consistent standard should be held for all protocol

submissions. Dr. Parkman said the proposal does include toxicity data; however, additional toxicity data is

requested to assure its safety. Dr. Smith said that the requested information is important enough to require

the full RAC review. Responding to Dr. Secimd/s remark regarding submitted materials. Dr. Venook said all

the Points to Consider questions have been addressed in the present proposaL Dr. Parkman reiterated his

conclusion that if the animal data are safe, the protocol could be approved by a subcommittee; if there is

positive toxicity, it will be forwarded to the full RAC for review. He favored a conditional approval.

Dr. Walters called the motion. The motion is to defer approval of the protocol pending submission of

additional data about toxicity and transduction efficiency in preimmunized cotton rats, data about germ line

integration, p53 mutations, and a detailed autopsy plan. He noted that the stipulation does not require the

monkey data.

The RAC disapproved a motion made by Ms. Meyers and seconded by Dr. Secundy to defer the protocol

submitted by Drs. Alan Venook and Robert Warren by a vote of 8 in favor, 9 opposed, and no abstentions.

The motion to defer the protocol failed.

Committee Motion 2

A second motion was made by Mr. Capron to approve the protocol with previously described contingencies.

The motion to approve the protocol was seconded by Dr. Erickson.

Dr. Chase stated that he was concerned with the lack of critical information presented in this protocoL There

are 3 categories of protocols: (1) the type with no problem, (2) the totally unacceptable type that should not

have been brought to the RAC, and (3) the most time-consuming type like the present protocol. He suspected

some investigators have a strategy of submitting a protocol with just enough supporting data to obtain a

contingent approval. He was not sympathetic to the strategy, but he recognized a legitimate need for it. Dr.

Chase stated that he would vote for approval of the protocol. In the future, the technical points should be

resolved by a subcommittee rather than by a time consuming discussion at the full RAC meeting.
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Dr. Parkman said it is unfair to the investigators to fault them for bringing in the toxicity data; the

investigators have been very responsive to the reviewers’ questions. The prolonged discussion is due to

complexity of the novel scientific issue: This protocol is the first systemic administration of an adenovirus

vector, and the deliberation will set a precedent for review of future protocols. The significant new issues

should be resolved by the full RAC rather than by a subcommittee.

Dr. Secundy commented that if it is an important issue, the contingency of the present protocol should be

reviewed not just by a subcommittee. Dr. Miller indicated his interest in reviewing such data. Dr. Parkman
clarified that the present contingency is very specific, and it should be resolved by a subcommittee. Dr.

DeLeon appreciated the learning curve for the RAC in dealing with a new issue, concluding that the discussion

was very worthwhile. Dr. Smith said the subcommittee for this protocol should include all RAC members who
share concerns about the safety data.

Ms. Meyers expressed her concern regarding approval of this protocol with contingency; it will set a precedent

for investigators to hastily submit a protocol for a provisional approval even with the knowledge of serious

toxicity problems. Dr. Erickson said that such a statement is very unfair to the investigators; the responses

from the investigators are very thoughtful. Dr. Miller said that the lack of toxicity data, particularly in regard

to the preimmunized animals, is too serious to warrant an approval; he preferred to review the new data with

an opportunity to discuss it at the full RAC meeting. Dr. Secundy agreed with Dr. Miller’s statement. Dr.

Walters suggested a large subcommittee for this protocol, and Dr. Zallen asked that the subcommittee report

their decision to the RAC.

The motion was made by Mr. Capron and seconded by Dr. Erickson to accept the protocol submitted by Drs.

Alan Venook and Robert Warren, contingent on the review and approval of the following by the scientific

members of the RAC: (1) Data derived from preclinical studies (toxicology and transduction efficiency) in

both an immunized and non-immunized permissive host (Le., cotton rats). (2) Data demonstrating that the

adenovirus vector does not integrate into the germ line of a permissive host. (3) Development of a sensitive

screening assay (preferably biologic, e.g., the HPV assay) to detect the presence of p53 mutations in the

adenovirus vector stocks. In the event that a mutation is identified, that stock will be discarded. (4)

Submission of a detailed description of the analyses that will be conducted on available post-mortem tissue.

The motion to approve the protocol (with contingencies) passed by a vote of 10 in favor, 7 opposed, and no

abstentions.

Summary

Drs. Alan P. Venook and Robert S. Warren of the University of California at San Francisco, San Francisco,

California, may conduct gene transfer experiments on 27 subjects (£18 and s75 years of age) with

hepatocellular carcinoma or liver metastasis of colorectal cancer. The adenovirus vector, ACN53, to transduce

the human p53 tumor suppressor gene is derived from adenovirus type 5 by replacing the El region including

Ela, Elb, and protein IX coding region with a p53 expression cassette driven by the CMV promoter. The

vector is additionally deleted for 1.9 kb DNA sequences in the E3 region. ACN53 will be administered as a

single bolus infusion via a hepatic artery catheter. This Phase I dose-escalation trial is designed primarily to

assess the safety of ACN53 and secondarily its biological efficacy. Biological efficacy including efficiency and

stability of gene transfer will be studied by analysis of tumor tissues obtained 7 days following gene transfer.

Clinical evidence of anti-tumor efficacy will also be collected. The effect of ACN53 dosage on patient

tolerance and toxicity will be evaluated in the dose escalation cohorts. As an important part of this objective,

the pharmacokinetics of ACN53 will be studied.

XIII. ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING A HUMAN GENE TRANSFER
PROTOCOL ENTITLED: PHASE I STUDY OFADENOVIRAL VECTOR DELIVERY OF THE HSV-TK
GENE AND THE INTRAVENOUS ADMINISTRATION OF GANCICLOVIR INADULTS WITH
MALIGNANT TUMORS OF THE CENTRAL NERVOUS SYSTEM/DRS. GROSSMAN AND WOO
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Review-Dr. Samulski

Dr. Walters called on Dr. Samulski to present his primary review of the protocol submitted by Drs. Robert

Grossman and Savio Woo of Baylor College of Medicine, Houston, Texas. This study is to test adenovirus

vectors for the delivery of a cytotoxic gene to the tumors of the central nervous system (CNS). The
investigators have provided preclinical data demonstrating the use of this vector in the reduction of brain

tumors in a rat model as well as important preclinical data demonstrating toxicity of the vector in non-human
primates. The investigators stated that the ultimate goal is to develop more effective and less toxic adenovirus

vectors. This Phase I trial is designed to study the safety and efficacy of gene therapy in patients with CNS
tumors. The investigators will use a viral dosing regimen of 1 x 10

8
pfu followed by GCV treatment for 14

days. After monitoring the first cohort of 5 patients for one month, the dose will be escalated to 5 x 10
s
,
1 x

10
9
,
and then 1.5 x 10

9
pfu. The primary objective is to monitor for any significant toxicity. The investigators

will use MRI or CT scans in comparing survival times of viral transduced patients to the historical survival

time. The primary objective, however, is to determine if treatment is associated with significant toxicity.

Dr. Samulski asked why the investigator did not use the more updated adenovirus vectors which have been

shown to have less toxicity. This new generation of vectors utilize temperature sensitive mutations of the

adenovirus vectors and restore the often deleted E3 region. The investigators responded in writing that the

rationale to use the vector ADV/RSV-tk is that all the preclinical data that demonstrated promising

tumoriddal effects from this treatment used this vector construct. No data is available at the present time that

demonstrates efficacy when using the temperature-sensitive vectors. The investigators theorize that the

excellent efficacy in rodent tumor models and the seriousness of the brain disease justify the intent to initiate

the present limited clinical toxicity trial.

A major concern raised by Dr. Samulski was the toxicity observed at a high dosage in the baboon study. The
toxicity study was suggested by FDA officials, and the investigators began the study in May 1994 to test the

toxicity of the vector, ADV/RSV-tk, and GCV treatment in baboons. Three treatment groups were

established: (1) Moderate dose of ADV/RSV-tk with GCV, 6 week survival. A dose of 1.5 x 10
9
pfu of the

vector was injected into the brains of 1 male and 1 female baboon. Gross examination of the brains showed

no abnormality. (2) High dose of ADV/RSV-tk with GCV, 3 week survival. 3 x 10
10

pfu of the vector was

injected into the brains of 1 male and 1 female baboon. The male baboon died 5 days after virus injection.

The female was sick and euthanized on Day 10. Both animals had 13 to 1.8 cm areas of liquefactive necrosis

at the injection sites. (3) High dose vector, 3 x 10
10

pfu, but no GCV. One animal was necropsied at 3 weeks

after vector injection and another at 6 weeks. Both animals had 13 cm cystic cavities. Significant toxicity

difference in Groups 2 and 3 suggests a synergistic role of GCV in causing the toxicity. Dr. Samulski said

either the adenovirus vector is causing the cells to divide and sensitizing them to GCV, or alternatively, the

vector is making the cell predisposed to GCV in causing this adverse effect. Although the mechanism of this

vector/GCV synergism is unclear, the phenomenon is alarming.

Dr. Samulski stated that this toxicity has to be taken into account in considering the protocol approval. The

investigators responded that the human trial will start at a lower dose and the maximum dose will not exceed

the dose of 13 x 10
9
pfu where no toxicity was observed in the baboon experiment. Dr. Samulski noted that

baboons are not permissive hosts for adenovirus infection while humans are, and this maximum ceiling is

artificial. Severe toxicity might occur in the permissive human hosts at a lower dose. Dr. Samulski asked the

investigators to elaborate on this toxicity issue.

Review-Dr. Smith

Dr. Smith agreed with Dr. Samulski’s review that the toxicity is a major issue, particularly when the vector is to

be administered to the brain rather than to other organs such as the lung or the liver. Toxicity in baboons is

very significant, and it raises even more concern in permissive humans as opposed to nonpermissive baboons

as hosts for adenovirus infection.

Dr. Smith noted the preclinical data of experiments with nude mice and Fisher rats showed that GCV by itself
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has an antitumor effect in these brain tumor models, and the addition of "gene therapy" acts in an adjunctive

fashion. In addition, adenovirus vector per se is directly cytopathic. The design of the present human study

has shortcomings and is unable to sort out whether any efficacy seen would be either due to GCV alone, to

the vector without HSV-TK gene, or to the combination of the vector with GCV.

Since adenoviruses have been reported to recombine with or reactivate members of polyoma/papovavirus

family such as SV40 and JC viruses. Dr. Smith asked the investigators to elaborate if there is an additional risk

of reactivating the latent JC, SV40, or polyoma virus in the brain of patients who have latent infection. Since

the present construct has potential toxicity, the health care workers, the investigators, as well as the patients

should be monitored for virus shedding. Dr. Smith asked the investigators to explain the reason why a

previously approved protocol (#9105-008) in which Dr. Woo is a co-investigator, has never been initiated.

Dr. Smith reiterated that the major concern of this protocol is the toxicity observed in the baboon experiment.

Dr. Samulski credited the investigators for performing this baboon experiment at a high vector dosage in order

to demonstrate the potential toxicity. Similar caution should be taken in regard to the protocol by Drs. Eck
and Alavi (#9409-089) previously approved by the RAC that used a similar adenovirus vector to treat brain

tumors. Dr. Glorioso stated the previous approval of Drs. Eck and Alavi’s protocol was made without the

benefit of the baboon toxicity data. In addition, the immune status of the patients might further aggravate the

toxicity. Dr. Parkman said the question of immune status was discussed during the review of Drs. Eck and

Alavi’s protocol, and one of the stipulations of the approval was to submit data from a pre-immunized cotton

rat experiment.

Review-Dr. Zallen

Dr. Zallen raised the same concern about the vector toxicity observed in the baboon experiment. She fully

endorsed the comments made by the previous reviewers. Dr. Zallen stated that the Informed Consent

document is quite clear and addresses all the concerns that have been identified by the RAC in the Points to

Consider. The few changes recommended by Dr. Zallen have been accepted by the investigators. Once the

toxicity issue is clarified, such information should be included in the Informed Consent document.

Other Comments

Ms. Meyers said the Informed Consent document is well written but the potential risks need to be stated more

explicitly to include the adverse effects seen in the retroviral HSV-TK/GCV protocols and the toxicity of

adenovirus vectors in baboons. Dr. DeLeon said Dr. Harold Ginsberg (NIH) made a statement during a

previous RAC meeting that the adenovirus vectors with E3 deletion potentially has more toxicity, she asked

the investigators to explain the reason for such deletion in the present vector construct.

Investigator Response-Drs. Grossman and Woo

Dr. Grossman identified himself as the Chief of Neurosurgery at Baylor College of Medicine. The toxicity

issue is of the greatest concern to the investigators, and it is the reason to perform the baboon experiment.

There is no treatment that will not have toxicity at a certain dosage level. The purpose of the baboon

experiment is to determine the dosage level that will be toxic. The adenovirus vector at a dosage of 3 x 10
10

pfu is toxic in the baboon, and the clinical human trial will be conducted below this dosage level. Liquefactive

necrosis at the injection sites is not unexpected since all treatments of brain tumors are to destroy cells and to

cause necrosis. An important factor to consider when comparing toxicity of baboon and human brains is that

the baboon brain is very tiny and the necrotic reaction produces increased intracranial pressure, while the

human brain is much larger and more tolerant to such necrotic lesions. Radiotherapy produces a necrotic

lesion at the center of the tumor mass but does not kill the peripheral brain tumor cells. Hopefully, the gene

therapy owing to its "bystander" effect will be able to kill the peripheral cells as well The investigators

theorize that the necrotic reaction will be controllable, and it will be tolerated by the patients. The starting

dose in humans is 300 times smaller than the toxic dose in baboons. Furthermore, the investigators will be
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able to control the intracranial pressure and inflammatory reaction in the human study, and they are convinced

that the proposed study is safe.

Dr. Samulski stated that his reservation about Dr. Grossman’s rationale is that the baboon is not a valid model

to assess the toxicity issue since it is nonpermissive to adenovirus infection. Dr. Woo thanked Dr. Samulski for

giving the investigators the credit for performing the baboon toxicity study that has not been conducted in

other brain tumor protocols. Responding to Dr. Samulski’s concern of using the baboon, a nonpermissive

host, for the experiment. Dr. Woo said that an additional experiment using the permissive cotton rat is

ongoing. The rats were preimmunized with the wild-type adenovirus by intranasal infusion, and the adenovirus

vector was then injected into the brain at a dose of 1.5 x 10
9
pfu. Up to 7 days post-vector administration, the

animals appear to be normal. Neuropathological analysis is planned to be conducted in a few days. Dr.

Samulski stated that the experiment should be performed with a combination of the vector and GCV since

there is a synergistic effect. Dr. Woo answered that such an experiment is planned; however, it has not been

initiated. Dr. Samulski noted that the cotton rat experiment was initiated in response to the reviewers’ written

comments.

Mr. Capron inquired that if a similar cotton rat experiment was requested as a stipulation to the approval of

Drs. Eck and Alavi’s protocol. He asked for clarification as to what would be considered a satisfactory

outcome from this experiment since Dr. Parkman stated in the previous review that a negative result has to be

obtained from this experiment while Dr. Noguchi from FDA commented that the cotton rat data is needed,

but the results do not have to be negative. Dr. Samulski said the RAC now has the benefit of hindsight to be

more sophisticated on this issue since the investigators have brought in the baboon toxicity data. Dr. David

Shine, a co-investigator, confirmed that the cotton rat experiment has been performed with 5 immunized and 9

nonimmunized animals. Responding to Mr. Capron’s question. Dr. Samulski suggested using the following

adenovirus CF studies as an example of a way to evaluate the present study: Once the toxic dosage is

identified, the dosage should be adjusted in subsequent studies. Similar relevant toxicity information is not

available for the present study. Dr. Glorioso stated that there are published reports about destruction of brain

tissue following adenovirus injection into the brain. Dr. Woo recited the contingencies required for approval

of Drs. Eck and Alavi’s protocol including negative results to be obtained from intracerebral injections of

preimmunized cotton rats as scored by either lethality or dysfunction of the CNS. The results of the cotton rat

experiment has satisfied this requirement in that no lethality nor CNS dysfunction has been observed in these

animals although the pathological data has not yet been completed. The investigators will submit the data

once the experiment is completed.

Dr. Smith noted that the new data from the baboon experiment has shown the synergism of the vector and

GCV in causing the toxicity, similar experiments should be conducted in the cotton rats both in this protocol

and, retrospectively, in the previously approved study by Drs. Eck and AlavL

Dr. Miller was concerned about the adenovirus dosage that caused the brain damage in the published reports

mentioned by Dr. Glorioso. Dr. Woo said they have performed an experiment with Fisher rats, and no toxicity

was observed with the proposed vector dose. Dr. Parkman considered the question of what would be

acceptable as a beneficial approach to brain tumor therapy since there is no therapy for cancer that does not

kill some normal cells. The major concern is the therapeutic ratio, a criterion to be used in evaluating the

outcome of the cotton rat experiments. Dr. Samulski said the cotton rat is permissive to adenovirus infection

and is an appropriate modeL Similar experiments can now be performed in the monkey with an adenovirus

genetically modified to be permissive in the monkey. Dr. Samulski said the investigators have provided a toxic

ceiling dose in the anim al model on which to base their human trial. Dr. Chase commented that the number

of cotton rats in the experiment is appropriate if all the animals are without any toxic effect.

Dr. Walters asked for clarification if the injection to the brain will provoke less immune reaction. Dr.

Glorioso said that in brain tumor patients, the blood brain barrier is frequently compromised.

Dr. Woo explained that the design of the baboon experiment was a result of consultation with FDA officials to

test for the vector dose that will produce toxicity in animals with and without GCV treatment. In addition.
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distribution of vector sequences in these animals was examined; there was no virus spread except for a positive

finding of the blood samples from the first 2 days of a high dosage group. Dr. Woo said the cotton rat

experiment indicates no fatality in all test animals. Dr. Chase explained that a formal toxicity study for drugs

would involve escalating dose series to determine the half maximum dose for toxicity. Dr. Miller said the

investigators have performed the cotton rat experiment with a very high dose and have observed no toxicity.

Dr. Samulski said the protocol could be approved contingent on providing the data from the cotton rat

experiments. He was uncomfortable with using the baboon data alone as a basis for approval since the

baboon is a nonpermissive host.

Committee Motion

Dr. Samulski made a motion to approve the protocol with contingencies. Dr. Smith seconded the motion. Dr.

Samulski said the cotton rat experiments should test the ADV/RSV-tk vector on nonimmunized and
immunized animals with and without GCV at an escalating dose regimen above the lethal dose for the baboon.

Dr. Parkman said the data from the ongoing cotton rat experiment of nasal inoculation followed by

intracerebral vector administration is acceptable. In addition, the data from a dose escalation study with and

without GCV is needed. Dr. DeLeon said the histological data regarding inflammatory responses should be

included. Dr. Samulski said the preclinical study has demonstrated the efficacy of the adenoviral HSV-
TK/GCV approach in treating brain tumors, and the present study is to define the treatment window that is

not associated with toxicity.

Dr. Samulski suggested that a plan for autopsy should be included in the Informed Consent document. Ms.

Meyers said a description of serious side effects observed in the retroviral HSV-TK/GCV studies should be

included in the section of the Informed Consent document discussing side effects. Dr. Grossman accepted Ms.

Meyers’ suggestion.

Dr. Chase commented that the design of the present protocol is not to evaluate the efficacy of the treatment

strategy since it would involve many factors that need to be evaluated. Dr. Grossman agreed completely with

Dr. Chase’s statement; this protocol is the first step to develop a new brain tumor treatment, and it is a Phase

I toxicity study.

The RAC approved a motion by Dr. Samulski and seconded by Dr. Smith to accept the protocol submitted by

Drs. Robert Grossman and Savio Woo by a vote of 16 in favor, 0 opposed, and 1 abstention. Approval of the

protocol is contingent on the review and approval of the following by the primary RAC reviewers: (1) Data

(including histological analysis) derived from the ongoing preclinical cotton rat study in which animals undergo

intranasal preimmunization with the adenovirus followed by direct injection of the adenovirus vector into the

brain (to determine the effect on the CNS). (2) Data derived from dose-escalation toxicology studies in non-

immunized cotton rats (with and without the administration of GCV) up to a dose that is greater than the

dose that was lethal for baboons. (3) The Informed Consent document will be revised to include a statement

that informs potential participants that adverse events (toxicity) have been reported for a similar Phase I

human gene therapy protocol involving a HSV-TK/retrovirus gene delivery system.

Summary

Drs. Robert G. Grossman and Savio L. C. Woo of Baylor College of Medicine, Houston, Texas, may conduct

gene transfer experiments on 20 subjects (£18 years of age) with malignant tumors of the CNS. Patients with

malignant brain tumors refractory to all potentially curative therapy will be treated with stereotactic intra-

tumoral injections of a replication-defective adenovirus vector delivering the HSV-TK gene. The vector,

ADV/RSV-tk, is constructed from adenovirus type 5 with El and E3 deletions; the expression of the HSV-TK
gene is driven by a Rous sarcoma virus long terminal repeat. GCV will then be administered intravenously at

10 mg/kg/day for 14 days. Only one course of therapy will be administered. Five patients will be tested at an

initial dose of 1 x 10* pfu, and they will be closely monitored for 1 month for evidence of toxicity before other

groups of patients are to be treated at higher doses of 5 x 10* and 1.5 x 10
9
pfu. Effectiveness of the treatment

will be monitored by MRI and/or CT scans and by comparing survival times to the historical survival times for
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patients with recurrent brain tumors. The primary objective of this initial study is to determine if the

treatment is associated with any significant toxicity. The ultimate goal is to develop a more effective and a less

toxic vector for brain tumor gene therapy.

XIV. PROPOSED AMENDMENTS TO APPENDIX B, CLASSIFICATION OF ETIOLOGICAGENTS AND
ONCOGENIC VIRUSES ON THE BASIS OF HAZARD OF THE NIH GUIDELINES/DR. FLEMING

In a letter dated June 24, 1993, Dr. Fleming requested that Appendix B should be revised to conform with the

most recent taxonomy and agent risk groups as described in Biosafety in Microbiological and Biomedical

Laboratories (BMBL), 3rd edition. May 1993, U. S. Department of Health and Human Services. At its

September 9-10, 1993, meeting, the RAC recommended that the revised Appendix B should not be adopted
until letters of concurrence were submitted by the Centers for Disease Control and Prevention and the NIH
Division of Safety. In a telephone conference on October 20, 1994, Dr. Fleming stated that Appendix B would

be reviewed by experts from the Centers of Disease Control and Prevention and the American Society for

Microbiology (ASM). The revised Appendix B was submitted for RAC review.

Dr. Wivel said that Appendix B is an essential guideline for the local Institutional Biosafety Committees

(IBCs) to set the appropriate physical containment levels for etiologic agents. It is an important task that Dr.

Fleming has been undertaken to update this document. Appendix B is a classification based on human and

animal pathogenicity of the organisms and the physical containment levels are assigned according to the known
pathogenicities. Appendix B is intended to be used in conjunction with the BMBL book. The proposed

Appendix B has been reviewed by a Committee to Revise Appendix B (CRAB) assembled by Dr. Fleming

under the aegis of the ASM. CRAB members include the following: Ms. Mary Cipriano, Abbott

Laboratories, Abbott, Illinois; Dr. Joseph H. Coggin, Jr., University of South Alabama, Mobile, Alabama; Dr.

Diane O. Fleming, Bowie, Maryland; Dr. Mary Gilchrist, University of Cincinnati, Cincinnati, Ohio; Ms. Janet

Hindler, University of California, Los Angeles, California; Dr. Jonathan Y. Richmond, Centers for Disease

Control and Prevention, Atlanta, Georgia; Ms. Amy Melnick, American Society for Microbiology, Washington,

D.C.; Dr. Moselio Schaechter, Tufts University, Boston, Massachusetts; and Dr. Joseph E. McDade, Centers

for Disease Control and Prevention, Atlanta, Georgia.

Review-Dr. Straus

Dr. Straus agreed that the task to update the Appendix B is overdue. The intent of the updated Appendix B is

to harmonize the classification between the existing Appendix B and the recent edition (3rd edition, 1993) of

the BMBL book. Dr. Straus stated that there are one global and several minor issues. The global issue

involves the new concept of "risk group." It has meanings different from the old classification system.

Different levels of physical containment can be assigned to an organism in a particular risk group depending

on factors such as large volume, aerosol, or how it is handled. There are revised groupings of the listing for

oncogenic viruses and other organisms. Dr. Straus noticed several inconsistencies in the listings, for example,

classification of Chlamydia psittaci, Bacillus anthroeis, adenoviruses, prions and several retroviruses. He asked

Dr. Fleming to explain the rationale behind the reclassification of organisms. He said it is premature for him

to make any specific comment.

Review-Dr. Saha

Dr. Saha said a thorough review cannot be made since he received the revised Appendix B just a few days ago.

The concept of the new Appendix B is to classify organisms into "risk groups," and a particular "risk group"

could be assigned to different physical containment levels. This document needs a taxonomist and other

experts to comment on this new listing. Proposed Appendix B should be published in the Federal Register for

public comments before the next RAC meeting.

Other Comments
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Dr. Parkman asked if the underlying philosophy of the risk group and inconsistencies in the listings are the

major problems. Dr. Straus said these two are part of his concerns, and the other concern is "risk group*

versus "biosafety level." The factors necessary to assign an organism to different levels of physical containment

are not clearly stated. The advantage of the existing classification is that it sets firm standards as to how a

particular organism is handled. The risk group classification leaves too much room for interpretation. Dr.

Saha agreed that this issue requires further discussion.

Dr. Miller said the concept for risk group is reasonable since it assigns certain risk to an organism rather than

a containment level that could vary depending on the circumstances in which the experiment is performed.

Minor inconsistencies of the classification can be amended during the public comment period. Dr. Miller said

that CRAB can serve as a standing committee to update Appendix B in the future. Dr. Straus said although

there is some merit to the new risk group concept, there are experts who differ in their opinion regarding this

classification concept. Dr. Miller said that RAC members can vote on approval or disapproval of this

document.

As a point of clarification. Dr. Wivel said today’s discussion is to identify the problems with this proposal. The
proposed Appendix B will be published in the Federal Register for public comment, and the RAC can make a

decision at the March meeting. There were discussions among RAC members about whether to invite experts

to comment on different parts of the proposed Appendix B. Dr. Miller stated that the proposal definitely has

to be published for public comment. Dr. Saha agreed it should be published for comment and experts can be

solicited to comment on specific areas, e.g., brucellosis. Dr. Saha stated that the concept of the risk group is

reasonable; it conveys an assessment of the inherent risk of an organism that allows the local IBC to

determine a physical containment level appropriate for a particular experiment. Dr. Wivel said a complication

of this classification scheme can be illustrated by the example of handling the HTV. It is a Risk Group 2

organism that can be handled either at BL2, or at BL2 with BL3 practices, or at BL3 for large-scale

production. The question is whether Appendix B should include this kind of complicated directives.

Dr. Straus stated his major reservation about this document is its vagueness and ambiguity as illustrated with

the HTV example, but he agreed that the proposal should be published for comment. He asked Dr. Fleming

to provide a statement about the rationale for several proposed changes in the classification of organisms. Dr.

Straus asked if the changes of Appendix B would require amendments to other appendices of the NIH
Guidelines. Dr. Wivel explained that there will be minor changes to the NIH Guidelines]

;
however, no major

changes will be required. Dr. Straus speculated that the IBC would welcome a more specific guidance from

the NIH Guidelines. Dr. Miller said that changes involving other parts of the NIH Guidelines are very simple,

e.g., substituting the words "Class 2" with "Risk Group 2" in Section m-C-l-a that reads as the following:

"Experiments involving the introduction of recombinant DNA into Class 2 agents shall be conducted at

Biosafety Level (BL)-2 containment."

Dr. Walters asked if it is the RAC consensus to publish the proposed Appendix B in the Federal Register for

comment in advance of the March RAC meeting. Mr. Capron favored the idea of publishing the proposal

with accompanying explanation of the changes. Ms. Meyers stated that the amendment of Appendix B should

be an ongoing process. Dr. Wivel explained that in the last few years, there have been several requests for

reduction of containment level approved by the RAC. Dr. Parkman asked what percentage of organisms in

the list would have containment levels other that indicated in the risk group number. Dr. Straus stated

approximately around 10% of the listed organisms would need assigning to different containment levels

according to circumstances of the experiments, e.g., simian immunodeficiency virus. Dr. Walters said if there

is no objection, the proposal will be published in the Federal Register prior to the next RAC meeting. He
called on Dr. Fleming to make her comment.

Dr. Fleming explained that the concept of risk group came from a recommendation by World Health

Organization. The idea of putting together the revised Appendix B is to provide the IBCs with an updated

guidance for handling etiologjc agents. Appendix B is to be used in conjunction with the BMBL book. The

book contains agent summary statements that recommend containment levels according to several factors, such
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as handling HIV in clinical specimens or in a production scale. She said that her group of Mid-Atlantic

Biological Safety Association has experience on quantitative risk assessment. Dr. Straus suggested that the

BMBL book should be included in the next mailing to the RAC members in order to facilitate the review of

the proposal. Dr. Parkman suggested to have the proposal announced in the E-mail for wide public comment.

XV. PRESENTATION OF ETHICAL CONSIDERATIONS RELATIVE TO IN UTER

O

SOMATIC CELL AND
GENE THERAPIES/DR. PATTERSON

Dr. Amy Patterson of FDA presented an overview of some of the ethical issues involving in utero cell and gene
therapies with an overhead slide illustration. Her presentation covered 4 major areas: (1) In utero bone
marrow transplantation, its rationale and the proof of concept; (2) Human experience; (3) Experiments
involving potential protocols; and (4) Ethical considerations inherent in prenatal cell and gene therapies,

including informed consent process and patient enrollment and eligibility criteria. The meeting materials

included an article by Drs. Morton J. Cowan and Mitchell Golbus entitled: In Utero Hematopoietic Stem Cell

Transplants for Inherited Diseases
,
published in the Journal of Pediatric Hematology/Oncology, Volume 16,

pages 35-42, 1994.

Overview-Dr. Patterson

The proof of the concept for in utero bone marrow transplantation relies on immuno-incompetence of the fetal

immune system early in gestation. Evidence for immuno-incompetence of the fetal immune system is as

follows: (1) Aborted fetuses have decreased T-cell immunity in vitro
; (2) Donor lymphoid cells reportedly

engraft in fetuses transfused with unirradiated blood transfusions; (3) Fetal liver or thymus transplants given to

SCID children have shown significantly lower risks of graft versus host disease (GVHD) when fetal tissue is

less than 10 to 12 weeks gestational age. Human immunocompetence emerges at roughly 16 weeks of

gestation. The rationale for doing in utero transplantation rests on the following provisions: (1) the genetic

disease is diagnosed early enough in gestation; (2) the fetus would be relatively immuno-incompetent; and (3)

engraftment could be achieved without the usual toxic preconditioning or the ablative regimen. In addition,

there could be relatively low risk of damage to target organs.

At present, 14 attempts have been made at in utero transplantation in humans worldwide involving genetically

unmodified human stem cells. The sources of stem cells include parental, sibling, fetal liver and fetal thymus.

5 of those 14 attempts have shown evidence of engraftment. It is notable that 2 of those 5 engraftments were

conducted at a gestational age of less than 16 weeks when the fetus was still immuno-incompetent. There are

evidence of mixed chimerism in all instances.

Mr. Capron asked at what gestational age the transplantation was performed in the 9 cases that failed to show

engraftment. Dr. Patterson said they were conducted between 14 and 32 weeks; not all transplantations

conducted before 16 weeks were successful. Dr. Parkman explained that most of these patients are SCID
children, and there are many other variables contributing to the failure of engraftment.

Of the 5 patients with evidence of engraftment, 1 infant had bare lymphocyte syndrome. This transplant was

performed in France using fetal liver and thymus administered through the umbilical vein. The infant is now
16 months postnatal, and there is no evidence of GVHD, and 26% of its lymphocytes are of donor origin. An
infant with p-thalassemia was transplanted in France at 14 weeks gestational age using fetal liver and thymus.

Another infant with SCID was transplanted in France with fetal liver and thymus at the gestational age of 28

weeks. This child is now 22 months old and remains out of the isolation chamber. Two families elected

abortion at 20 to 24 weeks when testing failed to show engraftment. However, on examination of the aborted

fetuses, it was found that donor cells had indeed engrafted into fetal marrow. These 2 cases raise difficult

medical and ethical issues when counseling parents for abortion.

The potential obstetrical complications of in utero bone marrow transplantation include both fetal and

maternal infection, fetal death, premature rupture of membranes, fetal trauma, and persistent fetal
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bradycardia. Reported outcome of 14 attempts includes 5 engraftments, 2 fetal deaths due to miscarriage 1

week after treatment, and septic abortion within 24 hours of treatment.

With the precedent of in utero bone marrow transplantation, one could envision the application of gene

therapy in this setting. A potential Phase I protocol might propose to harvest whole marrow from the

biological mother or father of a fetus with a documented inherited disease. The stem cells would be enriched

from the marrow and transduced with a vector. The transduced stem cells could be subsequently infused

intravenously or by direct intraperitoneal injection into the fetus at an age while it is still immuno-incompetent.

The size of fetus at this stage would easily fit into the palm of a hand.

With this background information. Dr. Patterson raised the major issues and questions that would be inherent

in any prenatal gene therapy protocol:

Issue A: What is the optimal informed consent process for fetal somatic cell and gene therapy? In any

clinical context, informed consent consists of a process and not simply Informed Consent document. The
ethical problems of obtaining valid informed consent in fetal therapy have been developed in other contexts,

such as surgical correction of fetal heart defects, hydrocephalus, and hydronephrosis. Due to the possibility

that a mother may be likely to disregard her own well-being for the sake of the fetus and the possibility that

clinical investigators will communicate enthusiasm about new and unproven approaches to fetal therapy, special

precautions for the informed consent process have been recommended. These recommendations include: (1)

an impartial physician from the fetal medicine team to "speak for" the fetus; (2) the mother’s own physician,

available at least by phone to assist in the assessment and comprehension of maternal risks; (3) requisite

involvement of a genetics counselor in the decision making process; and (4) documentation of the full

informed consent process.

Issue B: This issue regards patient enrollment criteria. There are 4 questions in regard to this issue: (1)

Should prenatal somatic cell and gene therapies (Phase I clinical trials) be restricted at this time to diseases in

which it is a current standard practice to offer "therapeutic abortion?" (2) Should enrollment in prenatal

somatic cell and gene therapies (Phase I clinical trials) be restricted to mothers who have been offered the

option of "therapeutic abortion" and for religious purpose and/or personal motives decline this option? (3)

Should enrollment be extended to include mothers who have already chosen "therapeutic abortion," and would

this option potentially enhance the risk/benefit ratio of in utero therapy? (4) At what point are mothers

informed about this protocol (e.g., after already having made a decision about abortion)?

Issue C: This issue regards fetal enrollment criteria. There are 3 major questions related to this issue: (1)

Should inclusion criteria be restricted to diseases with known early fatality? Of particular note is the instance

of diseases with a known genetic defect diagnosed in utero but with wide phenotypic variability. As in the case

with many of the inherited metabolic diseases, it is often difficult to made a diagnosis of fetuses with

devastating diseases. (2) Will the studies be restricted to singleton pregnancies? In order to potentially

safeguard the well-being of unaffected fetuses if multiple gestations are present, should the studies be

restricted to cases where both fetuses are affected? (3) Should fetuses with other concomitant abnormalities

detected by sonography, karyotype, amniocentesis, or biochemical analyses be excluded?

In terms of future directions, Dr. Paterson asked the RAC to consider the formation of a subcommittee to

address the following issues: (1) expedited analysis of the ethical considerations inherent in prenatal cell and

gene therapy clinical trials; (2) definition of an informed consent process in this clinical setting, and (3)

definition of parameters for patient enrollment and eligibility criteria for both mother and fetus that would

optimize the risk/benefit ratio.

Other Comments

Ms. Meyers and Mr. Capron commented on the thought-provoking presentation made by Dr. Patterson. Ms.

Meyers was concerned that there will not be much financial incentive to develop the in utero gene therapy for
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rare diseases. Dr. Patterson said most of the ground work for in utero therapy including the vector and stem

cell technology has been developed for the treatment of other genetic diseases such as Gaucher disease.

Dr. Parkman noted that many diseases such as SCID do not have in utero abnormality, and there is no

justification to perform in utero gene therapy when the same result can be achieved with newborns. There are

a limited number of diseases in which there is significant morbidity and mortality prior to birth that will

benefit from the in utero gene therapy. Dr. Motulsky noted several examples, i.e., /3-thalassemia, and some
fetal lung and CNS diseases. Dr. Parkman mentioned the fetal lamb studies by Dr. Esmail Zanjani of the

University of Nevada School of Medicine that are relevant to in utero gene therapy.

Dr. Straus stated that in utero therapy is a challenging issue. However, the RAC is not a proper forum to

discuss fetal therapies that do not involve gene therapy. Since gene therapy still needs proof of efficacy in

post-natal individuals, the issue of prenatal treatment is premature.

Dr. Samulski noted that the promising research of stem cell technology will have the best chance of succeeding

in prenatal therapy. Dr. Glorioso stated that the present discussion is related to the future of fetal research.

The stem cell technology has potential applications to diseases of lung, liver, colon, and others. For example, a

preventive gene therapy can be performed by transducing the p53 tumor suppressor gene to stem cells in utero

in multiple copies since many more mutations of this gene would have to occur in order for a tumor to

develop.

Dr. Zallen stated the prospect of current investigation using stem cells in utero could lead directly to attempts

to genetically modifying stem cells and to conduct gene therapy in utero. The subject is of considerable

interest to the RAC and to FDA as well. Dr. Zallen supported Dr. Patterson’s suggestion to form a

subcommittee to examine these issues in details. The subcommittee could evaluate the issues with the public

involvement and subsequently recommend appropriate amendments to the Points to Consider.

Dr. Zallen said there is no ethical impediment using medical technology to treat a fetus in utero under 2

conditions: (1) if the intervention directly benefits the fetus, and (2) if the medical outcome requires

intervention in utero because of additional complexities of the disease if it is treated after birth. The proposal

would have to be judged by both the overall scientific merit and a favorable risk/benefit ratio. The informed

consent process will guide the potential subjects to make their decision to participate in the study. Responding

to the question of whether willingness of the mother to undergo abortion should be a factor of the enrollment

criteria. Dr. Zallen said that women who have decided to proceed with the pregnancy are the most deserving

candidates since the decision to have the baby would allow medical evaluation of the treatment after birth. On
the other hand, it could be argued that women who are willing to have an abortion will allow termination of

pregnancy if serious problems of the intervention are detected before birth. In this case, the women should

agree to an autopsy so that scientifically useful information could be obtained. Dr. Zallen stated that

someone’s willingness to consider abortion should not be the determining factor in eligibility for a protocol; all

potential subjects should be presented with the protocol. Responding to the question of fetal enrollment

criteria, Dr. Zallen said scientists and clinicians are most able to choose the appropriate diseases to be treated

by in utero gene therapy. While fetal intervention should be first given to extremely serious life threatening

diseases, the degree of seriousness has to be factored into the degree of knowledge possessed and the

likelihood that the intervention could produce a beneficial result. Responding to the question of the informed

consent process, Dr. Zallen said that timing of informing the potential subjects is the most critical factor since

there is very little time lapse between genetic testing and the optimal time to perform the fetal intervention.

The informed consent process should be planned with a long lead time. Both the pregnant woman and her

husband should be invited to make their joint decision. In addition, there is a need to involve a neutral

resource person such as the woman’s obstetrician or an expert in fetal medicine to provide the information

about the complicated aspects of the research protocol. Dr. Zallen emphasized that this person should have

no conflict of interest. Dr. Zallen said the need for long-term follow-up is absolutely necessary in doing the in

utero gene therapy. Since the treated subjects are expected to outlive the investigators, a mechanism has to be

in place to keep track of the patients. In conclusion. Dr. Zallen stated that the RAC should form a
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subcommittee to address these issues.

Mr. Capron stated that development of stem cell technology and gene transduction of spermatogonia point to

a future for gene therapy. One additional legal and ethical consideration of in utero gene therapy is the

involvement of the body of the mother. Birth is recognized as a single event in the achievement of a legal

personhood. Fetal intervention cannot be imposed if there is a parental objection. Mr. Capron considered

that the question of abortion as an entrance criterion is relevant in 3 ways: (1) If the disease is serious

enough, the usual ethical and legal prohibitions against late term abortion are overcome by agreement between

the doctor and the parents. (2) The relevance of abortion is to avoid harm to a born person. Abortion is a

relevant criterion for Phase I or even Phase II trials. If there is any harm known, it should not be passed onto

a born person. (3) Another way in which abortion is relevant is in providing a justification for this form of

treatment For autosomal recessive disease such as a-thalassemia, it is possible to offer parents in vitro

fertilization and pretesting of the embryos with the implantation only of the unaffected one. For those people

who absolutely object to the destruction of any embryonic life form, in utero gene therapy offers an alternative

treatment

Mr. Capron favored the idea of creating a subcommittee, and its purview should be extended to questions of in

utero gene therapy that might lead to germ line alterations. Such questions arise from Dr. Ralph Brinsteris

work on sperm germ cells. The subcommittee is not only to speculate about the science itself but to ask the

structure through which the issues can be analyzed from an ethical viewpoint. The deliberations would be

carried out through a series of meetings with involvement of experts in the field. Mr. Capron said this

moment is very important for him in observing the RAC reaching this point as he prepares to leave a decade

of service to the RAC.

Dr. Chase commended Drs. Noguchi and Patterson on formulating the in utero gene therapy issues in such a

way that the public can have some input The research in this subject should not be confined to people who
are already in the middle of a pregnancy, but it should be extended to individuals who are about to begin

families. Dr. Chase suggested inviting individuals from the Ethical, Legal and Social Implications Program of

the NIH National Center for Human Genome Research to the RAC for discussion since there is a potential

for developing a research plan on this topic There are medical, legal, and ethical issues regarding eligibility

criteria for abortion. The issue of the right of the fetus versus the right of the mother deserves attention in a

public discussion.

In agreement with Mr. Capron’s statement that the present discussion leads to issues of germ line alteration,

Dr. Parkman dted the work of Dr. Zanjani and his colleagues who have injected into the peritoneal cavities of

immuno-incompetent fetal sheep a retroviral vector bearing the neo% gene marker. The fetal sheep treated

with the vector were born with the vector sequences in multiple organs. These vector sequences were then

transmitted to the subsequent generation, apparently through the germ line. Similar unintended alteration of

the germ line could occur by attempting to treat CF in the fetal lung. Dr. Parkman said the RAC should

focus its attention on addressing the germ line issue in terms of the categories of how germ line alteration

might occur, which are acceptable, and which are not acceptable.

Regarding the informed consent from the affected parents. Dr. Parkman said most of the families with serious

genetic diseases have prior knowledge of their condition, and it would not be a traumatic decision to be made
in a short order during pregnancy as suggested by Dr. Zallen.

Ms. Meyers noted that fetal therapy appears to be more pertinent to some neurological diseases since it

prevents the irreversible brain damages in the early stage of the disease. Dr. Parkman pointed out that only a

subset of neurological disorders will benefit from the fetal therapy. If the defect is primarily within the

neurons, such as the Tay-Sachs disease, fetal therapy will not offer any additional advantage.

Mr. Capron said the RAC should start to discuss the issues of fetal or germ line therapy and should be

prepared before it receives its first protocol. Dr. Chase agreed that such a preparation is needed for the RAC,
and he suggested the subcommittee to include germ line issues in its purview. Dr. Parkman favored a focus on

the more important germ line issues. Dr. Glorioso agreed that the fetal gene therapy should be considered
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within the context of germ line alteration. Dr. Parkman said the immediate question for the RAC is the

unintended germ line insertion of vector sequences, and the RAC has to develop guidelines for the

forthcoming protocols with this unintended germ line alteration. Dr. Zallen said that the prenatal gene

therapy is a very important area for the RAC. Ms. Meyers suggested a combined working group of prenatal

and germ line gene therapy. Dr. Walters thanked Dr. Patterson for her excellent presentation.

SUMMARY

On December 2, Dr. Amy Patterson of FDA presented an overview of some of the ethical issues involving in

utero cell and gene therapies. The RAC recommended the establishment of a subcommittee to examine the

ethical issues involving in utero gene therapy. Since the issue of germ line gene therapy and transmission is

closely related to the issue of in utero therapy, the subcommittee should analyze both issues and their

interrelationship to each other.

XVI. FUTURE MEETINGS OF THE RAC

The next meeting of the RAC will be March 6-7, 1995, at the NIH, Building 31C, Conference Room 6,

Bethesda, Maryland.

XVII. ADJOURNMENT

Dr. Walters adjourned the meeting at 3:50 p.m. on December 2, 1994.

l^glson A. Wivel, M.D. ^
Executive Secretary
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Associate Professor of Laboratory Medicine

Yale University School of Medicine
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NON-VOTING AGENCY REPRESENTATIVES

DEPARTMENT OF AGRICULTURE OJSDA)

TOLIN, Sue A., Ph.D.

Science and Education

Cooperative State Research Service

USDA, Suite 330, Aerospace Bldg.

Washington, D.C. 20250-0220

202 447-5741

GAY, Cyril G., Ph.D. (ALT)
Veterinary Biologies

USDA, Federal Building, Room 836

6505 Belcrest Road
Hyattsville, MD 20782

301 436-8674

DEPARTMENT OF ENERGY

DRELL, Daniel W., Ph.D.

Office of Health and Environmental Research
.

Department of Energy, ER-72

Washington, D.C. 20545

301 903-4742

DEPARTMENT OF HEALTH AND HUMAN SERVICES fDHHSl

DHHS Alcohol. Drug Abuse and Mental Health Administration

GAUSE, Emily M.

Office of the Science Advisor

Alcohol, Drug Abuse and Mental Health

Administration

5600 Fishers Lane, Room 1295

Rockville, Maryland 20857

301 443-4335

DHHS Centers for Disease Control and Prevention (CDCP1

GUINAN, Mary E., M.D., Ph.D.

Office of the Director

Centers for Disease Control and Prevention

1600 Clifton Road, D22
Atlanta, Georgia 30333

404 639-3701

DHHS. CPC National Institute for Occupational Safety and Health

LEMEN, Richard A.

National Institute for Occupational

Safety and Health

4676 Columbia Parkway

Cincinnati, Ohio 45226

5 13 _,684-8302
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DHHS Food and Drug Administration

NOGUCHI, Philip, M.D.
Division of Cellular and Gene Therapies

Center for Biologies Evaluation & Res.

FDA, HFM 515, Bldg. 29, Room B24
1401 Rockville Pike

Rockville, Maryland 20852-1448

301 496-4709

KUTA, Alexander, Ph.D. (ALT)
Office of Therapeutics, Research & Review
Center for Biologies Evaluation & Res.

FDA, HFM-99, Room 200N
1401 Rockville Pike

Rockville, Maryland 20852-1448

301 594-5114

DHHS Health Resources and Services Administration

MANLEY, Audrey, M.D.
Division of Health Service Corps
Administration

Health Resources & Services Administration

5600 Fishers Lane, Room 7A39
Rockville, Maryland 20857

301 443-2900

DHHS Office of the Assistant Secretary for Health

HUDSON, Kathy

Office of Health Planning and Evaluation

DHHS Office of the Assistant Secretary

for Health

200 Independence Avenue, S.W., Room 740G
Washington, D.C. 20201

202 690-8033

DEPARTMENT OF THE INTERIOR

PIMENTEL, Mariano B., M.D.
Division of Medical & Health Services

Department of the Interior, Room 7045

18th & C Street, N.W.
Washington, D.C. 20240
202 343-2081

DEPARTMENT OF LABOR

YODAIKEN, Ralph E., M.D.
Senior Medical Advisor

USDOL/OSHA, Room N-3653
200 Constitution Avenue, N.W.
Washington, D.C. 20210
202 523-7047
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SAVAGE, Eleanor W.
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OES/EHS, Room 4325

Department of State

2201 C Street, N.W.

Washington, D.C. 20520

202 647-2418

WEST, Peter A., M.D. (ALT)
Office of Ecology, Health & Conservation

OES/EHC, Room 4325

Department of State

2201 C Street, N.W.

Washington, D.C. 20520

202 647-2418

DEPARTMENT OF TRANSPORTATION

CUSHMAC, George E., Ph.D.

Research & Special Program Administration
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202 426-2311
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HUMAN GENE TRANSFER PROTOCOLS

8810-001® (M/TIL)

Rosenberg, Steven A.; National Institutes of Health, Bethesda, Maryland; The Treatment of Patients

with Advanced Cancer Using Cyclophosphamide, Interleukin-2 and Tumor Infiltrating Lymphocytes.

RAC Approval: 10-3-88/NIH Approval: 3-2-89

Minor Modification: 3-30-90

9007-002a,b (T/IGD/SCID-ADA)
Blaese, R. Michael; National Institutes of Health, Bethesda, Maryland; Treatment of Severe

Combined Immune Deficiency (SCID) due to Adenosine Deaminase (ADA) Deficiency with

Autologous Lymphocytes Transduced with the Human ADA Gene: An Experimental Study

RAC Approval: 7-31-90/NIH Approval: 9-6-90

Major Amendment/RAC Approval: 2-10-92

Major Amendment/NIH Approval: 4-22-92

Minor Modification: 4-21-93

Minor Modification: 6-7-93

9007-003® (T/C)

Rosenberg, Steven A.; National Institutes of Health, Bethesda, Maryland; Gene Therapy of Patients

with Advanced Cancer Using Tumor Infiltrating Lymphocytes Transduced with the Gene Coding for

Tumor Necrosis Factor.

RAC Approval: 7-31-90/NIH Approval: 9-6-90

Minor Modification: 2-17-94

9102-004® (M/BM)
Brenner, Malcolm K.; Mirro, Joseph; Hurwitz, Craig; Santana, Victor; and Ihle, James; St. Jude

Children’s Research Hospital, Memphis, Tennessee; Autologous Bone Marrow Transplant for

Children with Acute Myelogenous Leukemia in First Complete Remission: Use of Marker Genes to

Investigate the Biology of Marrow Reconstitution and the Mechanism of Relapse.

RAC Approval: 2-4-91/NIH Approval: 7-12-91

Minor Modification: 11-91

CLOSED: 1-15-93

9105-005® (M/BM)
Brenner, Malcolm K.; Mirro, Joseph; Santana, Victor; and Ihle, James; St. Jude Children’s Research

Hospital, Memphis, Tennessee; A Phase I/II Trial of High Dose Carboplatin and Etoposide with

Autologous Marrow Support for Treatment of Stage D Neuroblastoma in First Remission: Use of

Marker Genes to Investigate the Biology of Marrow Reconstitution and the Mechanism of Relapse.

RAC Approval: 5-31-91/NIH Approval: 7-12-91

Minor Modification: 11-91

CLOSED: 6-1-92

9105-006® (M/BM)
Brenner, Malcolm K.; Mirro, Joseph; Santana, Victor; and Ihle, James; St. Jude Children’s Research

Hospital, Memphis, Tennessee; A Phase II Trial of High-Dose Carboplatin and Etoposide with

Autologous Marrow Support for Treatment of Relapse/Refractory Neuroblastoma Without Apparent

Bone Marrow Involvement.

RAC Approval: 5-31-91/NIH Approval: 7-12-91

Minor Modification: 11-91

CLOSED: 4-9-93
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9105-007* (M/BM)
Deisseroth, Albert B.; M.D. Anderson Cancer Research Center, Houston, Texas; Autologous Bone

.

Marrow Transplantation for Chronic Myelogenous Leukemia in which Retroviral Markers are Used to

Discriminate between Relapse which Arises from Systemic Disease Remaining after Preparative Therapy

Versus Relapse due to Residual Leukemic Cells in Autologous Marrow: A Pilot Trial.

RAC Approval: 5-31-91/NIH Approval: 7-12-91

Minor Modification: 4-19-93

CLOSED: 6-1-93

9105-008 (M/H)
Ledley, Fred D.; Woo, Savio; Ferry, George; and Hartwell, Whigennand; Baylor College of

Medicine, Houston, Texas; Hepatocellular Transplantation in Acute Hepatic Failure and Targeting

Genetic Markers to Hepatic Cells.

RAC Approval: 5-30-91/NIH Approval: 7-12-91

CLOSED: Protocol Never Initiated

9105-009* (M/TIL)

Lotze, Michael T.; University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania; The

Administration of Interleukin-2 and Tumor Infiltrating Lymphocytes to Patients with Melanoma.

RAC Approval: 5-30-91/NIH Approval: 1-17-92

Minor Modification: 11-30-92

9110-010* (T/V/C)

Rosenberg, Steven A.; National Institutes of Health, Bethesda, Maryland; Immunization of Cancer

Patients Using Autologous Cancer Cells Modified by Insertion of the Gene for Tumor Necrosis Factor

(TNF).

RAC Approval: 10-7-91/NIH Approval: 10-15-91

Minor Modification: 7-9-92

9110-011 (T/V/C)

Rosenberg, Steven A.; National Institutes of Health, Bethesda, Maryland; Immunization of Cancer

Patients Using Autologous Cancer Cells Modified by Insertion of the Gene for Interleukin-2 (IL-2).

RAC Approval: 10-7-91/NIH Approval: 10-15-91

9110-012* (T/IGD/Familial Hypercholesterolemia)

Wilson, James M.; University of Pennsylvania Medical Cenyrt, Philadelphia, Pennsylvania; Ex Vivo

Gene Therapy of Familial Hypercholesterolemia.

RAC Approval: 10-8-91/NIH Approval: 11-14-91

Minor Modification: 12-3-92

Minor Modification: 8-18-93

CLOSED: 3-11-94

9202-013* (T/C)

Nabel, Gary J.; University of Michigan, Ann Arbor, Michigan; Immunotherapy of Malignancy by In

Vivo Gene Transfer into Tumors.

RAC Approval: 2-10-92/NIH Approval: 4-17-92

Minor Modification: 1-22-93

Minor Modification: 1-93

CLOSED: 11-19-92

9202-014 (M/BM)
Cornctta, Kenneth; Indiana University, Indianapolis, Indiana; Retroviral-Mediated Gene Transfer of
Bone Marrow Cells during Autologous Bone Marrow Transplantation for Acute Leukemia.
RAC Approval: 2-11-92/NIH Approval: 4-17-92
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9202-015 (M/PB/TIL)
Economou, James S. and Belldegrun, Arie; University of California at Los Angeles, Los Angeles,

California; The Treatment of Patients with Metastatic Melanoma and Renal Cell Cancer Using In Vitro

Expanded and Genetically-Engineered (Neomycin Phosphotransferase) Bulk, CD8 ( + ) and/or CD4( +

)

Tumor Infiltrating Lymphocytes and Bulk, CD8( + ) and/or CD4( + ) Peripheral Blood Leukocytes in

Combination with Recombinant Interleukin-2 Alone, or with Recombinant Interleukin-2 and
Recombinant Alpha Interferon.

RAC Approval: 2-11-92/NIH Approval: 4-17-92

CLOSED: 6-94

9202-016
3 (T/V/C/Ovarian)

Freeman, Scott M.; Tulane University Medical Center, New Orleans, Louisiana; Gene Transfer for

the Treatment of Cancer.

RAC Approval: 2-10-92/NIH Approval: 2-5-93

Minor Modification: 8-6-93

9202-017
b (M/CTL)

Greenberg, Philip D. and Riddell, Stanley, Fred Hutchinson Cancer Research Center, University of

Washington, Seattle; Phase I Study to Evaluate the Safety of Cellular Adoptive Immunotherapy using

Genetically Modified CD8+ HIV-Specific T Cells in HIV Seropositive Individuals.

RAC Approval: 2-11-92/NIH Approval: 4-17-92

Major Amendment/RAC Approval:
.
9-9-93

Major Amendment/NIH Approval: 10-7-93

9206-018
3 (T/V/C/Neuroblastoma)

Brenner, Malcolm K.; Furman, Wayne; Santana, Victor; Bowman, Laura; and Meyer, William; St.

Jude Children’s Research Hospital, Memphis, Tennessee; Phase I Study of Cytokine-Gene Modified

Autologous Neuroblastoma Cells for Treatment of Relapsed/Refractory Neuroblastoma.

RAC Approval: 6-1-92/NIH Approval: 8-14-92

Minor Modification: 6-23-94

9206-019
3 (T/C/Brain)

Oldfield, Edward; National Institutes of Health, Bethesda, Maryland; Gene Therapy for the Treatment

of Brain Tumors Using Intra-Tumoral Transduction with the Thymidine Kinase Gene and Intravenous

Ganciclovir.

RAC Approval: 6-1-92/NIH Approval: 8-14-92

Minor Modification: 11-29-93

9206-020
3 (M/BM/PB)

Deisseroth, Albert B.; MD Anderson Cancer Center, Houston, Texas; Use of Two Retroviral Markers

to Test Relative Contribution of Marrow and Peripheral Blood Autologous Cells to Recovery After

Preparative Therapy.

RAC Approval: 6-2-92/NIH Approval: 8-14-92

Minor Modification: 4-19-93

9206-021 (T/V/C/Melanoma)

Gansbacher, Bernd; Houghton, Alan; and Livingston, Philip; Memorial Sloan Kettering Cancer

Center, New York, New York; Immunization with HLA-A2 matched Allogeneic Melanoma Cells that

Secrete Interleukin-2 in Patients with Metastatic Melanoma.

RAC Approval: 6-2-92/NIH Approval: 8-14-92

CLOSED: 10-19-94
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9206-022* (T/V/C/Renal Cell)

Gansbacher, Bemd; Motzer, Robert; Houghton, Alan; and Bander, Neil; Memorial Sloan Kettering

Cancer Center, New York, New York; Immunization with Interleukin-2 Secreting Allogeneic HLA-A2

Matched Renal Cell Carcinoma Cells in Patients with Advanced Renal Cell Carcinoma.

RAC Approval: 6-2-92/NIH Approval: 8-14-92

Minor Modification: 3-31-93

9206-023* (M/BM/PB)
Dunbar, Cynthia; National Institutes of Health, Bethesda, Maryland; Retroviral-Mediated Gene

Transfer of Bone Marrow and Peripheral Blood Stem Cells During Autologous Bone Marrow

Transplantation for Multiple Myeloma.

RAC Approval: 6-2-92/NIH Approval: 8-14-92

Minor Modification: 1-6-94

Minor Modification: 3-23-94

9206-024* (M/BM/PB)
Dunbar, Cynthia; National Institutes of Health, Bethesda, Maryland; Retroviral-Mediated Gene

Transfer of Bone Marrow and Peripheral Blood Stem Cells During Autologous Bone Marrow

Transplantation for Metastatic Breast Cancer.

RAC Approval: 6-2-92/NIH Approval: 8-14-92

Minor Modification: 1-6-94

9206-025* (M/BM/PB)
Dunbar, Cynthia; National Institutes of Health, Bethesda, Maryland; Retroviral-Mediated Gene

Transfer of Bone Marrow and Peripheral Blood Stem Cells During Autologous Bone Marrow

Transplantation for Chronic Myelogenous Leukemia.

RAC Approval: 6-2-92/NIH Approval: 8-14-92

Minor Modification: 1-6-94

Minor Modification: 3-23-94

9209-026* (M/PB)

Walker, Robert E.; National Institutes of Health, Bethesda, Maryland; A Study of the Safety and
Survival of the Adoptive Transfer of Genetically Marked Syngeneic Lymphocytes in HIV Infected

Identical Twins.

RAC Approval: 9-14-92/NIH Approval: 9-3-93

Minor Modification: 6-1-94

9209-027* (M/PB)

Schuening, Friedrich G.; Fred Hutchinson Cancer Research Center, University of Washington,

Seattle, Washington; A Phase //// Study of PDCY321, a rhGM-CSF/rhIL-3 Fusion Protein or rhG-

CSF, for the Mobilization of Peripheral Blood Stem Cells for Autologous Stem Cell Transplantation.

RAC Approval: 9-14-92/NIH Approval: 2-5-93

Minor Modification: 2-25-94

9209-028* (M/PBSC)
Schuening, Friedrich G.; Fred Hutchinson Cancer Research Center, University of Washington,

Seattle, Washington; Evaluation of the Use of Recombinant Human G-CSF Stimulated Peripheral

Blood Progenitor Cell Supplementation in Autologous Bone Marrow Transplantation in Patients with

Lymphoid Malignancies.

RAC Approval: 9-14-92/NIH Approval: 2-5-93

Minor Modification 2-25-94

CLOSED: 2-25-94 (Merged with protocol # 9209-027)

[492] Recombinant DNA Research, Volume 20



Attachment II - Ifege 5

9209-029

9209-030
a

9403-031

9209-032

9209-033

9212-034
8

9212-035
8

(M/BM/PB)
Schuening, Friedrich G.; Fred Hutchinson Cancer Research Center, University of Washington,

Seattle, Washington; A Trial of G-CSF Stimulated Peripheral Blood Stem Cells for Engraftment in

Identical Twins.

RAC Approval: 9-14-92/NIH Approval: 2-5-93

CLOSED: Protocol Never Initiated

(M/BM/PB)
Deisseroth, Albert B.; University of Texas MD Anderson Cancer Center, Houston, Texas; Use of
Retroviral Markers to Identify Efficacy of Purging and Origin of Relapse Following Autologous Bone
Marrow and Peripheral Blood Cell Transplantation in Indolent B Cell Neoplasms (Follicular Non-

Hodgkin’s Lymphoma or Chronic Lymphocytic Leukemia) Patients.

RAC Approval: 9-14-92/NIH Approval: 12-2-93

Minor Modification: 11-3-93

Minor Modification: 11-18-93

Minor Modification: 10-27-94

(T/C/Non-small Cell Lung Cancer)

Roth, Jack A.; The University of Texas MD Anderson Cancer Center. Houston. Texas: Clinical

Protocol for Modification of Oncogene and Tumor Suppressor Gene Expression in Non-Small Cell

Lung Cancer NSCLC).
9209-031/ RAC Approval of Original Protocol: 9-15-92/

RAC Approval of Original Protocol Withdrawn 12-3-93

9403-031/ RAC Approval of Resubmitted Protocol: 3-4-94/

NTH Approval of Resubmitted Protocol: Pending

(M/BM)
Brenner, Malcolm K.; St. Jude Children’s Research Hospital, Memphis, Tennessee: A Phase II Trial

of the Baxter Neuroblastoma Bone Marrow Purging System Using Gene Marking to Assess Efficacy.

RAC Approval: 9-15-92/NIH Approval: 2-5-93

(T/V/C)

Lotze, Michael T. and Rubin, Joshua T.; University of Pittsburgh, Pittsburgh, Pennsylvania; Gene

Therapy of Cancer A Pilot Study of IL-4 Gene Modified Antitumor Vaccines.

RAC Approval: 9-15-92/NIH Approval: 2-5-93

(T/IGD/Cystic Fibrosis)

Crystal, Ronald G.; New York Hospital-Comell Medical Center; A Phase I Study, in Cystic Fibrosis

Patients, of the Safety, Toxicity, and Biological Efficacy of a Single Administration of a Replication

Deficient, Recombinant Adenovirus Carrying the cDNA of the Normal Human Cystic Fibrosis

Transmembrane Conductance Regulator Gene in the Lung.

RAC Approval: 12-3-92/NIH Approval: 4-16-93

Minor Modification: 5-17-93

Minor Modification: 10-8-93

Minor Modification: 11-29-93

Minor Modification: 2-4-94

(T/IGD/Cystic Fibrosis)

Wilson, James M.; University of Pennsylvania Medical Center, Philadelphia, Pennsylvania, and

Richard H. Simon; University of Michigan Medical Center, Ann Arbor, Michigan; Gene Therapy of

Cystic Fibrosis Lung Diseases Using El Deleted Adenoviruses: A Phase I Trial.

RAC Approval: 12-3-92/NIH Approval: 8-26-93

Minor Modification: 8-17-93

Minor Modification: 8-26-93

Minor Modification: 8-31-94
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9212-036*

9303-037*

9303-038

9303-039

9303-040

9303-041*

9303-042*

(T/IGD/Cystic Fibrosis)

Welsh, Michael J.; Howard Hughes Medical Institute, Iowa City, Iowa, and Smith, Alan E.;

Genzyme Corporation, Framingham, Massachusetts; Cystic Fibrosis Gene Therapy Using an

Adenovirus Vector In Vivo Safety and Efficacy in Nasal Epithelium.

RAC Approval: 12-4-92/NIH Approval: 4-16-93

Minor Modification: 10-18-93

(T/C/Glioblastoma Multiforme)

Culver, Kenneth W.; Iowa Methodist Medical Center, Des Moines, Iowa, Van Gilder, John C.;

University of Iowa, Iowa City, Iowa, Berger, Mitchel; University of California, San Francisco,

California, and Prados, Michael; University of Washington, Seattle, Washington; Gene Therapy for

the Treatment of Recurrent Glioblastoma Multiforme with In Vivo Tumor Transduction with the Herpes

Simplex Thymidine Kinase Gene/Ganciclovir System.

RAC Approval: 3-1-93/NIH Approval: 4-16-93

Minor Modification: 7-13-94

(M/EBV-CTL)
Heslop, Helen E.; Brenner, Malcolm K.; and Rooney, Cliona; St. Jude Children’s Research Hospital,

Memphis, Tennessee; Administration of Neomycin Resistance Gene Marked EBV Specific Cytotoxic T
Lymphocytes to Recipients of Mismatched-Related or Phenotypically Similar Unrelated Donor Marrow

Grafts. RAC Approval: 3-2-93/NIH Approval: 4-16-93

Minor Modification: 8-31-94

(M/BM)
Brenner, Malcolm K.; Krance, Robert; Heslop, Helen E.; Santana, Victor; and Ihle, James; St. Jude

Children’s Research Hospital, Memphis, Tennessee; Assessment of the Efficacy of Purging by Using

Gene-Marked Autologous Marrow Transplantation for Children with Acute Myelogenous Leukemia in

First Complete Remission.

RAC Approval: 3-2-93/NIH Approved: 4-16-93

(T/V/C/Renal Cell)

Simons, Jonathan; Johns Hopkins Oncology Center, Baltimore, Maryland; Phase I Study of Non-

Replicating Autologous Tumor Cell Injections Using Cells Prepared With or Without Granulocyte-

Macrophage Colony Stimulating Factor Gene Transduction in Patients with Metastatic Renal Cell

Carcinoma.

RAC Approval: 3-1-93/NIH Approval: 12-2-93

(T/IGD/Cystic Fibrosis)

Wilraott, Robert W. and Whitsett, Jeffrey, Children’s Hospital Medical Center, Cincinnati, Ohio,

and Trapnell, Bruce; Genetic Therapy, Inc., Gaithersburg, Maryland; v4 Phase I Study of Gene
Therapy of Cystic Fibrosis Utilizing a Replication Deficient Recombinant Adenovirus Vector to Deliver

the Human Cystic Fibrosis Transmembrane Conductance Regulator cDNA to the Airways.

RAC Approval: 3-2-93/NIH Approval: 4-16-93

Minor Modification: 8-31-94

(T/IGD/Cystic Fibrosis)

Boucher, Richard C. and Knowles, Michael R.; University of North Carolina, Chapel Hill, North

Carolina; Gene Therapy for Cystic Fibrosis Using El Deleted Adenovirus: A Phase I Trial in the Nasal

Cavity.

RAC Approval: 3-2-93/NIH Approval: 10-7-93

Minor Modification: 2-17-94

Minor Modification: 9-30-94

CLOSED: 10-94
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9306-0438

9306-044
a

9306-045
3

9306-046

9306-047

9306-048*

9306-049

(T/V/C/Melanoma)
Seigler, Hilliard F.; Duke University Medical Center, Durham, North Carolina; and Merritt, James

A.; Viagene, Inc., San Diego, California; A Phase I Trial of Human Gamma Interferon-Transduced

Autologous Tumor Cells in Patients With Disseminated Malignant Melanoma.

RAC Approval: 6-7-93/NIH Approval: 9-3-93

Minor Modification: 7-11-94

Minor Modification: 10-12-94

(T/C/Ovarian)

Deisseroth, Albert B.; Kavanagh, John; and Champlin, Richard; University of Texas MD Anderson

Cancer Center, Houston, Texas; Use of Safety-Modified Retroviruses to Introduce Chemotherapy

Resistance Sequences into Normal Hematopoietic Cells for Chemoprotection During the Therapy of
Ovarian Cancer. A Pilot Trial.

RAC Approval: 6-7-93/NIH Approval: 12-2-93

Minor Modification: 2-25-94

Minor Modification: 2-25-94

(T/C)

Nabel, Gary J.; University of Michigan Medical Center, Ann Arbor, Michigan; Immunotherapy for

Cancer by Direct Gene Transfer into Tumors.

RAC Approval: 6-7-93/NIH Approval: 9-3-93

Minor Modification: 11-21-94

(T/IGD/Gaucher Disease)

Barranger, John A.; University of Pittsburgh, Pittsburgh, Pennsylvania, Gene Therapy for Gaucher

Disease: Ex Vivo Gene Transfer and Autologous Transplantation of CD34( + ) Cells.

RAC Approval: 6-7-93/NIH Approval: 9-3-93

(T/IGD/Gaucher Disease)

Karlsson, Stefan and Dunbar, Cynthia; National Institutes of Health, Bethesda, Maryland, and Kohn,

Donald B.; Childrens Hospital Los Angeles, Los Angeles, California; Retroviral Mediated Transfer of

the cDNA for Human Glucocerebrosidase into Hematopoietic Stem Cells of Patients with Gaucher

Disease.

RAC Approval: 6-7-93/NIH Approval: 9-3-93

(T/HIV)

Galpin, Jeffrey E.; University of Southern California, Casciato, Dennis A.; Shared Medical Research

Foundation, Tarzana, California, and Merritt, James A.; Viagene, Inc., San Diego, California; A
Preliminary Study to Evaluate the Safety and Biologic Effects of Murine Retroviral Vector Encoding

HIV-1 Genes [HrV-IT(V)] in Asymptomatic Subjects Infected with HIV-1.

RAC Approval: 6-7-93/NIH Approval: 9-3-93

Minor Modification: 7-11-94

Minor Modification: 10-12-94

CLOSED: 9-8-94

(T/HIV)

Nabel, Gary J.; University of Michigan Medical Center, Ann Arbor, Michigan; A Molecular Genetic

Intervention for AIDS - Effects of a Transdominant Negative Form of Rev.

RAC Approval: 6-7-93/NIH Approval: 9-3-93
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9306-EXP

9306-050

9306-051

9306-052

9309-053*

9309-054

9309-055

9309-056

(T/V/C/Glloblastoma)

Sobol, Robert and Royston, Ivor; San Diego Regional Cancer Center, San Diego, California; Phase I

Study of Cytokine Gene Therapy of Cancer Active Immunotherapy of Glioblastoma with Tumor Cells

or Fibroblasts Genetically Modified to Secrete Interleukin-2.

NIH Approval: 12-28-92

Major Amendment (Expedited Review)/NIH Approval: 5-11-93

CLOSED: 10-20-93 (Patient death)

(T/C/Astrocytoma)

RafTel, Corey, Childrens Hospital Los Angeles, Los Angeles, California, and Culver, Kenneth; Iowa

Methodist Medical Center, Des Moines, Iowa; Gene Therapy for the Treatment of Recurrent Pediatric

Malignant Astrocytomas with In Vivo Tumor Transduction with the Herpes Simplex Thymidine Kinase

Gene.

RAC Approval: 6-8-93/NIH Approval: 9-3-93

(T/C/Breast/Ovarian/Brain)

Hesdorffer, Charles and Antman, Karen; Columbia University College of Physicians and Surgeons,

New York, New York; Human MDR Gene Transfer in Patients with Advanced Cancer.

RAC Approval: 6-8-93/NIH Approval: 9-3-93

(T/V/C/Glioblastoma)

Ilan, Joseph; Case Western Reservq University School of Medicine and University Hospitals of

Cleveland, Cleveland, Ohio; Gene Therapy for Human Brain Tumors Using Episome-Based Antisense

cDNA Transcription of Insulin-Like Growth Factor I.

RAC Approval: 6-8-93/NIH Approval: 12-2-93

(T/V/C/Small Cell Lung Cancer)

Cassileth, Peter; Podack, Eckhard R.; Sridhar, Kasi; University of Miami, and Savaraj, Niramol;

Miami Veterans Administration Hospital, Miami, Florida; Phase I Study of Transfected Cancer Cells

Expressing the Interleukin-2 Gene Product in Limited Stage Small Cell Lung Cancer.

RAC Approval: 9-9-93/NIH Approval: 12-2-93

Minor Modification: 3-23-94

(T/C/Breast)

O’Shaughnessy, Joyce; National Institutes of Health, Bethesda, Maryland; Retroviral Mediated

Transfer of the Human Multi-Drug Resistance Gene (MDR-1) into Hematopoietic Stem Cells During

Autologous Transplantation after Intensive Chemotherapy for Breast Cancer.

RAC Approval: 9-9-93/NIH Approval: 10-7-93

(T/C/Brain)

Kun, Larry E.; Sanford, R. A.; Brenner, Malcolm K.; and Heideman, Richard L.; St. Jude Childrens

Research Hospital, Memphis, Tennessee; and Oldfield, Edward H.; National Institutes of Health,

Bethesda, Maryland; Gene Therapy for Recurrent Pediatric Brain Tumors.

RAC Approval: 9-9-93/NIH Approval: 10-7-93

(T/V/C/Melanoma)
Das Gupta, Tapas K. and Cohen, Edward P.; University of Illinois at Chicago; Chicago, Illinois;

Immunization of Malignant Melanoma Patients with Interleukin 2-Secreting Melanoma Cells Expressing

Defined Allogeneic Histocompatibility Antigens.

RAC Approval: 9-10-93/NIH Approval: 4-19-94
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9309-057

9309-058

9312 -059
*

9312-060

9312-061

9312 -062*

9312-063

9312-064

(T/HIV)

Wong-Staal, Flossie; Poeschla, Eric; and Looney, David; University of California, San Diego,

California; A Phase I Clinical Trial to Evaluate the Safety and Effects in HIV-1 Infected Humans of

Autologous Lymphocytes Transduced with a Ribozyme that Cleaves HIV-1 RNA.
RAC Approval: 9-10-93/NTH Approval: 10-25-94

(T/V/C/Melanoma)

Economou, James S. and Glasby, John A.; University of California Medical Center, Los Angeles,

California; Genetically Engineered Autologous Tumor Vaccines Producing Interleukin-2 for the

Treatment of Metastatic Melanoma.

RAC Approval: 9-10-93/NIH Approval: 12-2-93

(T/C/Leptomenlngeal Carcinomatosis)

Oldfield, Edward H. and Ram, Zvi; NIH, Bethesda, Maryland; Intrathecal Gene Therapy for the

Treatment of Leptomeningeal Carcinomatosis.

RAC Approval: 12-2-93/N1H Approval: 1-20-94

Minor Modification: 7-5-94

(T/V/C)

Sobol. Robert E. and Rovston. Ivor: San Diego Regional Cancer Center. San Dieeo. California:

Injection of Colon Carcinoma Patients with Autologous Irradiated Tumor Cells and Fibroblasts

Genetically Modified to Secrete Interleukin-2.

RAC Approval: 12-2-93/NTH Approval: Fending

(T/IGD/Gaucher Disease)

Schuening, Friedrich; Fred Hutchinson Cancer Research Center, Seattle, Washington; Retrovirus-

Mediated Transfer of the cDNA for Human Glucocerebrosidase into Peripheral Blood Repopulating

Cells of Patients with Gaucher’s Disease.

RAC Approval: 12-2-93/NIH Approval: 11-15-94

(T/HIV)

Haubrich, Richard; University of California at San Diego Treatment Center, San Diego, California,

and Merritt, James A.; Viagene, Inc., San Diego, California; An Open Label, Phase I/II Clinical

Trial to Evaluate the Safety and Biological Activity of HIV-IT(V) (HIV-1 IIBenv/Retroviral Vector) in

HIV-1 Infected Subjects.

RAC Approval: 12-3-93/NIH Approval: 4-19-94

Minor Modification: 7-11-94

Minor Modification: 10-12-94

CLOSED: 10-13-94

(T/V/C/Melanoma)

Sznol, Mario; National Institutes of Health, Frederick, Maryland; A Phase I Trial of B7-Transfected

Lethally Irradiated Allogeneic Melanoma Cell Lines to Induce Cell Mediated Immunity Against Tumor-

Associated Antigens Presented by HLA-A2 or HLA-A1 in Patients with Stage TV Melanoma.
RAC Approval: 12-3-93/NIH Approval: 4-19-94

(T/C/Colorectal)

Rubin, Joseph; Mayo Clinic, Rochester, Minnesota; Phase I Study of Immunotherapy ofAdvanced

Colorectal Carcinoma by Direct Gene Transfer into Hepatic Metastases.

RAC Approval: 12-3-93/NIH Approval: 4-19-94
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9312-065

9312-066

9312 -067
*

9403 -068
*

9403-069

9403-070

9403-071

9403-072

9406-073

(T/V/C/Melanoma)

Chang, Alfred E.; University of Michigan, Ann Arbor, Michigan; Adoptive Immunotherapy of

Melanoma with Activated Lymph Node Cells Primed In Vivo with Autologous Tumor Cells Transduced

with the IL-4 Gene.

RAC Approval: 12-3-93/N1H Approval: 8-23-94

(T/IGD/Cystic Fibrosis)

Sorscher, Eric J. and Loean, James L.; University of Alabama, Birmineham. Alabama: Gene Therapy

for Cvstic Fibrosis Usine Cationic Liposome Mediated Gene Transfer: A Phase I Trial of Safety and

Efficac\- in the Nasal Airway.

RAC Approval: 12-3-93/NIH Approval: Pending

(T/IGD/Cystic Fibrosis)

Welsh, Michael J.; Howard Hughes Medical Institute, Iowa City, Iowa; Adenovirus-Mediated Gene

Transfer of CFTR to the Nasal Epithelium and Maxillary Sinus of Patients with Cystic Fibrosis.

RAC Approval: 12-3-93/NIH Approval: 2-10-94

Minor Modification: 2-17-94

(T/V/C/Neuroblastoma)

Rosenblatt, Joseph; University of California, Los Angeles, California; Seeger, Robert, Childrens

Hospital, Los Angeles, California, and Merritt, James A.; Viagene, Inc., San Diego, California; A
Phase I Study of Immunization with Qamma Interferon Transduced Neuroblastoma Cells.

RAC Approval: 3-3-94/N1H Approval: 10-25-94

Minor Modification: 7-11-94

Minor Modification: 10-12-94

(T/HIV)

Walker, Robert; N1H, Bethesda, Maryland; A Phase I/II Pilot Study of the Safety of the Adoptive

Transfer of Syngeneic Gene-Modified Cytotoxic T-Lymphocytes in HIV-Infected Identical Twins.

RAC Approval: 3-3-94/NIH Approval: 8-23-94

(T/IGD/Alpha-l-Antitrypsin Deficiency)

Brigham, Kenneth; Vanderbilt University, Nashville, Tennessee; Expression of an Exogenously

Administered Human Alpha- 1-Antitrypsin Gene in the Respiratory Tract of Humans.

RAC Approval: 3-3-94/NIH Approval: 10-25-94

(T/C/Renal Cell)

Vogelzang, Nicholas; the University of Chicago, Chicago, Illinois; Phase I Study of Immunotherapy

for Metastatic Renal Cell Carcinoma by Direct Gene Transfer into Metastatic Lesions.

RAC Approval: 3-4-94/NIH Approval: 4-19-94

(T/C/Melanoma)

Hersh, Evan; Arizona Cancer Center, Tuscon, Arizona; and Akporiaye; Harris; Stopeck; Unger; and

Warneke; the University of Arizona, Tuscon, Arizona; Phase I Study of Immunotherapy of Malignant

Melanoma by Direct Gene Transfer.

RAC Approval: 3-4-94/NIH Approval: 4-19-94

(T/C/Colorectal)

Curiel, David: University of Alabama. Birmineham. Alabama: Phase I Trial of a Polynucleotide

Augmented Anti-tumor Immunization to Human Carcinoembrvonic Antitren in Patients with Metastatic

Colorectal Cancer.

RAC Approval: 6-9-94/NIH Approval: Pending
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9406-075

9406-076

9406-077

9406-078

9406-079

9406-080

9406-081

9408-082

AttadTrnt II - Ree 11

(T/O/Rheumatoid Arthritis)

Evans. C. H. and Robbins. Paul: University of Pittsbureh. Pittsburgh. Pennsylvania: Clinical Trial to

Assess the Safety. Feasibility, and Efficacy of Transferring a Potentially Anti-arthritic Cytokine Gene to

Human Joints with Rheumatoid Arthritis.

RAC Approval: 6-9-94/NIH Approval: Pending

(M/PB/TIL)

Freedman, Ralph; MD Anderson Cancer Center, Houston, Texas; Use of a Retroviral Vector to Study

the Trafficking Patterns of Purified Ovarian TIL Populations Used in Intraperitoneal Adoptive

Immunotherapy of Ovarian Cancer Patients: A Pilot Study.

RAC Approval: 6-9-94/NIH Approval: 7-12-94

((M/PBSC)
Heslop, Helen; Brenner, Malcolm, K.; and Krance, Robert; St. Jude Childrens Research Hospital,

Memphis, Tennessee; Use of Double Marking with Retroviral Vectors to Determine the Rate of
Reconstitution of Untreated and Cytokine Expanded CD34( + ) Selected Marrow Cells in Patients

Undergoing Autologous Bone Marrow Transplantation.

RAC Approval: 6-9-94/NIH Approval: 7-12-94

(T/C/Breast)

Deisseroth, Albert; Hortobagyi, .Gabriel; Champlin, Richard; and Holmes, Frankie; MD Anderson

Cancer Center, Houston, Texas;' Use of Safety-Modified Retroviruses to Introduce Chemotherapy

Resistance Sequences into Normal Hematopoietic Cells for Chemoprotection During the Therapy of

Breast Cancer A Pilot Trial.

RAC Approval: 6-9-94/NIH Approval: 7-12-94

(T/IGD/Fanconi Anemia)

Liu, Johnson, M. and Young, Neal S.; National Institutes of Health, Bethesda, Maryland; Retroviral

Mediated Gene Transfer of the Fanconi Anemia Complementation Group C Gene to Hematopoietic

Progenitors of Group C Patients.

RAC Approval: 6-9-94/NIH Approval: 2-12-94

(T/C/Non-smal Cell Lung Cancer)

Roth. Jack A.: MD Anderson Cancer Center. Houston. Texas: Clinical Protocol for Modification of

Tumor Suppressor Gene Expression and Induction ofApoptosis in Non-Small Cell Lung Cancer

(NSCLC) with an Adenovims Vector Expressing Wildtvve p53 and Cisplatin.

RAC Approval: 6-10-94/NIH Approval: Pending

(T/V/C/Glioblastoma)

Sobol, Robert and Royston, Ivor; San Diego Regional Cancer Center; San Diego, California;

Injection of Glioblastoma Patients with Tumor Cells Genetically Modified to Secrete Interleukin-2 (IL-

2): A Phase I Study.

RAC Approval: 6-10-94/NIH Approval: 7-12-94

(T/V/C/Melanoma/T Ceil Lymphoma/Breast/Head and Neck)

Lotze. Michael T: University of Pittsburgh, Pittsburgh. Pennsylvania: IL-12 Gene Therapy Usine

Direct Injection of Tumor with Genetically Engineered Autologous Fibroblasts.

RAC Approval: 6-10-94/NIH Approval: Pending

(T/V/C/Prostate)

Simons, Jonathan; Johns Hopkins Oncology Center, Baltimore, Maryland; Phase I/II Study of

Autologous Human GM-CSF Gene Transduced Prostate Cancer Vaccines in Patients with Metastatic

Prostate Carcinoma.

NIH/ORDA Approval: 8-3-94 (Accelerated Review)
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9409-083

9409-084

9409-085

9409-086

9409-087

9409-088

9409-089

9409-090

9409-091

(T/IGD/Cystic Fibrosis)

Flotte, Terence R.; Johns Hopkins Childrens Center, Baltimore, Maryland; A Phase I Study of an

Adeno-associated Virus-CFTR Gene Vector in Adult CF Patients with Mild Lung Disease.

RAC Approval: 9-12-94/NIH Approval: 11-15-94

(T/C/ Breast)

Holt. Jeffrey, and Arteaga, Carlos B.: Vanderbilt University. Nashville. Tennessee; Gene Therapy for

the Treatment of Metastatic Breast Cancer by In Vivo Infection with Breast-Targeted Retroviral Vectors

Expressing Antisense c-fos or Antisense c-myc RNA.

RAC Approval: 9-12-94/NTH Approval: Pending

(T/IGD/Cystic Fibrosis)

Crystal Ronald G.: New York Hospital-Cornell Medical Center. New York. New York: Evaluation

of Repeat Administration of a Replication Deficient. Recombinant Adenovirus Containing the Normal

Cvsn'c Fibrosis Transmembrane Conductance Regulator cDNA to the Airways of Individuals with Cvstic

Fibrosis.

RAC Approval: 9-12-94/NTH Approval: Pending

(T/V/C/Breast)

Lyerly, H. Kim; Duke University Medical Center, Durham, North Carolina; A Pilot Study of

Autologous Human Interleukin-2'Gene Modified Tumor Cells in Patients with Refractory or Recurrent

Metastatic Breast Cancer.

RAC Approval: 9-12-94/NIH Approval: 10-25-94

(T/IGD/Hunter Syndrome)

Whitley, Chester B,: University of Minnesota. Minneapolis. Minnesota: Retroviral-Mediated Transfer

of the Iduronate-2-Sulfatase Gene into Lymphocytes for Treatment of Mild Hunter Syndrome

(Mucopolysaccharidosis Type II).

RAC Approval: 9-13-94/NIH Approval: Pending

(T/O/ Peripheral Artery Disease)

Isner, Jeffrey M. and Walsh, Kenneth; St. Elizabeth’s Medical Center, Tufts University, Boston,

Massachusetts; Arterial Gene Transfer for Therapeutic Angiogenesis in Patients with Peripheral Artery

Disease.

RAC Approval: 9-13-94/NIH Approval: 11-15-94

(T/C/Malignant Glioma)

Eck, Stephen L. and Alavi, Jane B,; University of Pennsylvania Medical Center. Philadelphia.

Pennsylvania: Treatment ofAdvanced CNS Malignancy with the Recombinant Adenovirus

H5.020RSVTK: A Phase I Trial.

RAC Approval: 9-13-94/NTH Approval: Pending

(T/C/Malignant Mesothelioma)

Albelda, Steven M,: University of Pennsylvania Medical Center. Philadelphia. Pennsylvania;

Treatment of Advanced Mesothelioma with the Recombinant Adenovirus H5.010RSVTK: A Phase I

Trial.

RAC Approval: 9-13-94/NTH Approval: Pending

(T/IGD/Cystlc Fibrosis)

Dorkin, Henry L., New England Medical Center, Tufts University, Boston, Massachusetts; and

Lapcy, Allen, Massachusetts General Hospital, Harvard Medical School, Boston, Massachusetts;

Adenovirus Mediated Gene Transfer for Cystic Fibrosis: Safety of Single Administration in the Lung

(lobar instillation)

.

NIH/ORDA Approval: 10-5-94 (Accelerated Review)
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9411-092 (M/BMSC/PBSC)
Douer, Dan, University of Southern California, Kenneth Norris Jr. Comprehensive Cancer Center

and Hospital, Los Angeles, California; High Dose Chemotherapy and Autologous Bone Marrow plus

Peripheral Blood Stem Cell Transplantation for Patients with Lymphoma or Metastatic Breast Cancer.

Use of Marker Genes to Investigate the Biology of Hematopoietic Reconstitution in Adults.

NIH/ORDA Approval: 11-18-94 (Accelerated Review)

9411-093 (T/V/C/Melanoma)

Dranoff, Glen, Dana Farber Cancer Institute, Boston, Massachusetts; A Phase I Study of Vaccination

with Autologous, Irradiated Melanoma Cells Engineered to Secrete Human Granulocyte-Macrophage

Colony Stimulating Factor.

NIH/ORDA Approval: 11-23-94 (Acclerated Review)

T M Total (T + M)
jj

RAC APPROVED
(including Accelerated Review)

68 25 93

NIH APPROVED 56 25 81

LEGEND:

= Minor Modification(s)

= Major Amendment(s)
= RAC Approved/NIH Approval Pending

ACRONYMS:

BM
BM/PB
BMSC
C
CTL
EBV-CTL
H
HIV
IGD
M
O
PB
PBSC
SCID-ADA
T
TIL
V

Autologous Bone Marrow Cells

Autologous Bone Marrow and Peripheral Blood Cells

Autologous Bone Marrow Stem Cells

Cancer

Autologous Cytotoxic T Lymphocytes

Epstein-Barr Virus Specific Cytotoxic T Cell Lines

Autologous Hepatocytes

Human Immununodeficiency Virus

Inherited Genetic Disorder

Gene Marking Protocol

Other

Autologous Peripheral Blood Cells

Autologous Peripheral Blood Stem Cells

Severe Combined Immunodeficiency Due to Adenosine Deaminase Deficiency

Gene Therapy Protocol

Autologous Tumor Infiltrating Lymphocytes

Vaccine (Lethally Irradiated Cells)

November 23, 1994

djw\h;\wp51n\Bles\protocot\protocol
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AttedTrent V - F^ge 1

ACRONYMS

ADA adenosine deaminase deficiency

ASM American Society for Microbiology

BIO Biotechnology Industry Organization

BL Biosafety Level

BMBL Biosafety in Microbiological and Biomedical Laboratories

CF cystic fibrosis

CFTR cystic fibrosis transmembrane conductance regulator

CMV human cytomegalovirus

CNS central nervous system

CRAB Committee to Revise Appendix B
CT computer tomography

DNA deoribonucleic acid

ELSI Ethical, Legal and Social Implications

FDA Food and Drug Administration

GCV ganciclovir
t

GTl Genetic Therapy, Inc.

GVHD graft versus host disease

HEPA High Efficiency Particulate Air

HIV human immunodeficiency virus

HLA human leukocyte antigen

HNSCC Head and Neck Squamous Cell Carcinoma

HPV human papilloma virus

HSV Herpes simplex virus

D3C Institutional Biosafety Committee
IL interleukin

IND Investigational New Drug
IRB Institutional Review Board

IU infectious units

LAK lymphokine activated killer

Ml microliters

MOI multiplicities of infection

MRI magnetic resonance imaging

(neo
1
) neomycin resistance

NIH National Institutes of Health

NIH Guidelines NIH Guidelines for Research Involving Recombinant DNA Molecules

OPRR Office for Protection from Research Risks

ORDA Office of Recombinant DNA Activities

PCR polymerase chain reaction

PEG polyethylene glycol

pfu plaque forming units

PGK phosphoglycerate kinase

PI principal investigators
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Attachment V - Rjge 2

Points to Consider

ACRONYMS-Page 2

Points of Consider in the Design and Submission of Protocols for the

Transfer of Recombinant DNA Molecules into the Genome of One or

More Human Subjects

RAC
RCR
RNA
RSV-LTR
SCID
SIV
SMART
SSCP
TIL
TK
VPC
WHO

Recombinant DNA Advisory Committee

replication competent retrovirus

ribonucleic acid

Rous sarcoma virus long terminal repeat

severe combined immunodeficiency

simian immunodeficiency virus

Submission Management and Review Tracking

single strand conformational polymorphism

tumor infiltrating lymphocytes

thymidine kinase

vector producer cells

World Health Organization
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HUMAN GENE TRANSFER PROTOCOL

9409-091 Dorkin, Henry L.; New England Medical Center, Tufts University, Boston,

Massachusetts; and Lapey, Allen; Massachusetts General Hospital, Harvard

Medical School, Boston, Massachusetts; Adenovirus Mediated Gene Transfer

for Cystic Fibrosis: Safety of Single Administration in the Lung (lobar

instillation).

NIH/ORDA Approval: 10-5-94 (Accelerated Review)
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Adenovirus-Mediated Gene Transfer for Cystic Fibrosis: Safety of Single Administration In the Lung

COVER SHEET FOR ACCELERATED REVIEW OF A HUMAN GENE TRANSFER EXPERIMENT

A. BACKGROUND

Our proposed study, “Adenovirus Mediated Gene Transfer for Cystic Fibrosis: Safety of Single Administration

in the Lung” will be performed by Henry Dorkin, M.D. of the New England Medical Center (Tufts University) and
Allen Lapey, M.D. of the Massachusetts General Hospital (Harvard Medical School).

a VECTOR, TARGET CELL, AND TRANSDUCTION PROCEDURES

1. The replication defective type 2 adenovirus vector, Ad2/CFTR-2 will be used to deliver the human cystic

fibrosis transmembrane conductance regulator (CFTR) gene.

Z The Ad2/CFTR-2 vector was reviewed by the RAC in considering protocol #9312-067 entitled, "Adenovirus

Mediated Gene Transfer for Cystic Fibrosis: Part A. Safety of Dose and Repeat Administration in the Nasal

Epithelium and Part B. Clinical Efficacy in the Maxillary Sinus”. This protocol is being performed by Dr.

Michael Welsh at the University of Iowa and by Dr. Bonnie Ramsey at the University of Washington.

3. Ad2/CFTR-2 will be manufactured, tested and supplied by Genzyme Corporation.

4. The target cells to be treated are epithelial cells lining the surface of the lower airway.

5. The rate of transduction has not been established. Because adenovirus DNA is predominantly not integrated

and because the percentage of target cells that contain DNA and the copy number in those cells is dependent

on the MOI, we have not examined in detail the number of target cells that contain added DNA. Instead, we
have measured the expression of the DNA.

6. It is expected that the level of gene expression will be dependent on the multiplicity of infection or dose of

vector. Results of in vitro and in vivo studies performed to assess the efficacy of Ad2/CFTR-2 were

reported in our December, 1993 RAC application.

7. Gene expression has been assessed by in vitro cell culture models, by in vitro SPQ and Ussing chamber

assays that assess biological activity of the expressed gene and using in vivo animal models.

& We utilize a HeLa cell/A549 cell assay to detect replication competent adenovirus (RCA).

9. When assayed by the most sensitive methods available, replication competent adenovirus has been detected

in some lots of Ad2/CFTR-2. In clinical trials we are using only lots of product that pass the RCA test

referred to above. Pending FDA approval, we may use lots of Ad2/CFTR-2 that contain low levels of RCA.

10. The HeLa cell/A549 cell assay used to detect RCA has a limit of detecting one infectious unit of RCA in the

presence of 2.5x1

0

9 IU of Ad2/CFTR-2.

C. CLINICAL PROTOCOL

1. As noted in B.7. above, preclinical efficacy data has been generated using both in vitro and in vivo models

Z The primary objective of the study is to assess the safety of delivering Ad2/CFTR-2 to lower airways in the

lung by lobar instillation (through a bronchoscope) and by aerosolization to the whole lung. A secondary

objective of the study is to assess gene expression following treatment.

3. This protocol is not identical to another RAC approved protocol.

4. This protocol is similar to the on-going clinical evaluation of Ad2/CFTR-2 as it is primarily a safety study

during which biochemical efficacy will be assessed following administration of single, escalating doses of

vector. The differences are that the target organ is the lung and the mode of delivery is to be by lobar

instillation and aerosolization to the whole lung.
j

D. LOCAL COMMITTEE APPROVALS

1. The study has been unconditionally approved by the IBC of the New England Medical Center. The IBC of

Harvard Medical School made requests for increased monitoring, for an opportunity to review the final

ft
-
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Adenovirus-Mediated Gene Transfer for Cystic Fibrosis: Safety of Single Administration in the Lung

nebulizer selection and for the exclusion of hospital staff with respiratory disease from working with the

patients. These requests will be complied with. The Harvard IBC also approved a more aggressive dosing

schedule than the more conservative one we intend to follow. They will be advised of this revision. Copies of

the approvals are included.

2 The study has been unconditionally approved by the IRBs of both institutions. Copies of the approvals are

included.

E INFORMED CONSENT DOCUMENTS

1. The IRB-approved consent forms for both institutions are included and text is identified as requested except

for the following points.

New England Medical Center

Subsequent to IRB approval for the two New England Medical Center documents for lobar and aerosol delivery,

some deficiencies were identified. They will be corrected as follows:

• The last paragraph in the 'Risks and Side Effects' section discusses the need for patients to adopt a reliable

form of contraception. In the last sentence we will change the first word from 'You' to 'All participants'.

• Long-term follow-up for 10 years (as per the protocol) will be added to both consent forms.

• A request for an autopsy will be added to both consent forms.

The Principal Investigator has been made aware of the RAC's requirements for inclusion of these issues.

Appropriate statements addressing the above points will be added to the informed consent documents and

approved by the IRB prior to initiation of the study at the New England Medical Center.

Massachusetts General Hospital

Subsequent to IRB approval for the two Massachusetts General Hospital documents for lobar and aerosol

delivery, a deficiency and a mistake were identified. They will be corrected as follows:

• The 5th paragraph of the 'Risks and Discomforts' section discusses the need for patients to adopt a reliable

form of contraception. In the last sentence we will change the first word from "You" to 'All participants'.

• A request for an autopsy will be added to both consent forms.

• The aerosol consent form indicates there will be 30 patients included in the study. There will be 40 patients

included in this study as indicated in the protocol and their lobar consent form. The aerosol form will be

changed to indicate the correct total number of patients planned for inclusion in the study.

• The aerosol consent form indicates there will be a placebo group. This was part of our original plan, but we

no longer intend to include a placebo arm for this study. Reference to it will be removed.

The Principal Investigator has been made aware of the RAC's requirement for long term follow up and a

statement addressing that point will be added to both consent forms. The aerosol consent form will be modified to

reflect there are 40 patients planned for inclusion in this study and discussion of the placebo will be removed. The

revised consent forms will be approved by the IRB prior to initiation of the study at Massachusetts General

Hospital.

F. ADDITIONAL INFORMATION

1. The CVs for the principal investigators and key personnel are included.

Recombinant DNA Research, Volume 20 [529]



Adenovirus-Mediated Gene Transfer for Cystic Fibrosis: Safety of Single Administration In the Lung

SCIENTIFIC ABSTRACT OF THE PROTOCOL

Practical development of gene transfer for cystic fibrosis will likely necessitate aerosol delivery to the lung. This protocol

seeks to address two key questions regarding the use of adenovirus vectors for CF gene therapy, can adenovirus

vectors be administered safely to the lung at dose levels believed to be required for effective correction of the CF defect,

and is aerosolization of vector a safe mode of administration? The current protocol is an extension of two earlier

protocols for administration of replication-defective adenovirus vectors (Ad2/CFTR-1 or Ad2/CFTR-2) to the nasal

and/or sinus respiratory epithelium of CF patients. In the first protocol (ORDA protocol #9212-036), Ad2/CFTR-1 was
applied to the nasal epithelium of four CF patients. In all four cases changes in electrolyte transport were detected

following treatment with vector. No adverse effects that could be attributed to the adenovirus vector were detected.

The second protocol (ORDA protocol #9312-067), which is ongoing, is designed to address two key questions regarding

the use of adenovirus vectors for CF gene therapy, is it safe to administer virus multiple times, and is it possible to

obtain evidence of clinical and biochemical efficacy? This protocol is in its early stages, making it premature to make

definitive conclusions about the eventual outcome. However, no results have yet been obtained from the study that

would suggest that repeat dosing of adenovirus vectors is unsafe.

The proposed protocol will use the same second generation adenovirus vector, named Ad2/CFTR-2, that was used in

the second protocol (#9312-067). This type 2 adenovirus lacks El and in its place contains a modified transcription unit

with the phosphoglycerate kinase (PGK) promoter and a poly A addition site flanking the CFTR cDNA. Results from

several studies indicate that PGK promoter will direct modest CFTR expression levels and that it will not be subject to

inactivation. The E4 region of the vector has also been modified in that the whole coding sequence has been removed

and replaced by ORF6, the only E4 gene essential for growth of Ad2 in tissue culture. The genome of Ad2/CFTR-2 is

101% the size of wild type Ad2 and it can be grown readily to high titer in culture.

Clinical lots of vector are produced using master or working cell bank cells and master virus seed stocks each of which

has been subjected to rigorous testing. Vector preparations must pass a series of tests before they are released for

clinical use.

This study will evaluate the safety of the administration of Ad2/CFTR-2 to the pulmonary airway of patients with CF.

There will be 8 study groups of 5 patients each, with each patient within a group receiving the same dose of

Ad2/CFTR-2. The study treatment doses range from 8 x 10 6 to 2.5 x 10 10 IU and increase from the lowest dose to the

highest dose in half log increments. Three patients will receive the virus by bronchoscopic administration to a lobe of

the lung. After a 1 month monitoring period and If no adverse effect is noted, 3 patients from the next higher dose group

will receive the virus through bronchoscopic administration. After an additional 1 month monitor ing period B pationts

freffl-&eJfiithl doeo group wil l receivo aorocol adromiatration to the entire lungr A total of fefty pationtc with mild to

modo rate-dtoeasfrjwl l bo onrollceHrrthe-study. Each study patient will be at 90% or more of their peak pulmonary

function achieved within the last year. Prior to administration of the vims, study patients will be monitored for at least 3

weeks to ensure that they are clinically stable. Specifically, the patient will not have experienced a CF exacerbation

requiring hospitalization or shown evidence of adenoviral shedding within 3 weeks and will not have had an upper

respiratory infection within 2 weeks prior to treatment with Ad2/CFTR-2.

Each patient will be closely monitored for 28 days post treatment, 3 days as an inpatient, with discharge on Day 4, and

24 days as an outpatient. Each patient will be assessed for evidence of an adverse systemic, immune, inflammatory or

respiratory response to Ad2/CFTR-2. Subsequently, patients will be monitored on a monthly basis for 6 months and

then at least every 3 months for 1 year. Long-term follow-up by annual query will continue for at least 10 years. Patient

specimens will also be examined throughout the study for any evidence of Ad2/CFTR-2 viral shedding.

At post treatment Day 7 of the study, each patient will undergo bronchoscopy. For patients receiving bronchoscopic,

lobar administration, bronchial alveolar lavage (BAL) will be performed on segments of the Ad2/CFTR-2-treated lobe

and also contralateral, untreated lobes. Specimens from each BAL will be examined for evidence of an inflammatory or

immune response. For patients receiving aerosolized treatment, a brushing rather than BAL will be performed.

Specimens from the brushing will be evaluated for gene expression by RNA template-specific PCR (RS-PCR).

The outcome of this protocol will add further to our knowledge of the safety and efficacy of adenovirus vectors and will

be invaluable in the design of subsequent protocols targeted to the respiratory airways and of future generations of

adenovirus vector.

[
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Adenovirus-Mediated Gene Transfer for Cystic Fibrosis: Safety of Single Administration in the Lung

DESCRIPTION OF THE PROPOSED EXPERIMENT IN NON TECHNICAL LANGUAGE

Cystic fibrosis (CF) is a common inherited disease among the white population of Europe and North America. It is

characterized by chronic infection and obstruction of the airways leading to the lungs. Patients commonly die from the

disease by their mid-to-late twenties. The recent discovery and characterization of the inherited material — the gene —
that causes the disease has led to a rapid increase in our knowledge of the basic defect responsible for the disease

state, and has raised the possibility of treating CF by giving to the patient a good copy of the CF-associated gene. This

is a new approach to the treatment of inherited diseases, called gene transfer.

Eventually gene transfer for cystic fibrosis might be achieved by treating the airways of CF patients with a 'tailor-made”

virus that has been altered to make it less infectious and to include the CF gene. One possible virus to do this is called

adenovirus. It is normally associated with minor respiratory infections, such as colds. Although adenoviruses have

been used safely in the past as vaccines, we need to establish the feasibility and safety of using such an approach for

treatment of cystic fibrosis.

The authors of this proposal have already treated four CF patients with very small amounts of CF-adenovirus and

shown it is possible to correct the basic defect associated with the disease. Virus was applied to a small area within the

nose and a small electrode used to measure the tiny voltage that normally exists across the lining of the nose. In

patients with CF, this voltage is abnormal because of a defect in the CF gene. After administration of virus, this voltage

was restored to normal for the few days tested.

We now hope to extend these studies to ascertain whether it is safe to administer vims to the lung in amounts that are

believed to be large enough to correct the defect in the CF gene, and whethekvi rusxan be introduced safe ly into thc-

Img-by- aeroso l treatmeat—breafeiogJo^' jaist nf vims . To do this, virus will be applied to a small part of the lung (a

lobe) first, in some patients, by a bronchoscope, a tube commonly used in pulmonary medicine which allows

visualization of the airways. I f fK)-prdPfcfflc occur tho viruc wil t-bo-givon to-othor-patie nt6 -by-aorosol4reatffiQot. Sy
toe ing nnrrv»Al nHminir-tratinn nf tho yjn r l"nj| ?t? rfin

3
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i i^ri^ nrl
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HUNAN GENE TRANSFER PROTOCOL

9411-092 Douer, Dan; University of Southern California, Kenneth Norris Jr.

Comprehensive Cancer Center and Hospital, Los Angeles, California; High

Dose Chemotherapy and Autologous Bone Marrow plus Peripheral Blood

Stem Cell Transplantation for Patients with Lymphoma or Metastatic Breast

Cancer: Use of Marker Genes to Investigate the Biology of Hematopoietic

Reconstitution in Adults.

NIH/ORDA Approval: 11-18-94 (Accelerated Review)
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OCT-28-94 09.06 FROM . USC DIV. HEMOTOLOGY ID.213 224 6687 PAGE 6/20

APPLICATION FOR
ACCELERATED REVIEW OF HUMAN GENE TRANSFER EXPERIMENT

A. BACKGROUND

Title.: High-Dose Chemotherapy and Autologous Bone Marrow plus Peripheral Blood Stem
Cell Transplantation for Patients with Lymphoma or Metastatic Breast Cancer: Use of
Marker Genes to Investigate the Biology of Hematopoietic Reconstitution in Adults.

Principal Investigator: Dan Douer, MD

Co-Investigators: Alexandra M. Levine, MD, W. French Anderson, MD, Maria Gordon,
MD, Susan Groshen, PhD, Aziz Khan, MD, Ann M. Mohrbacher, MD, Franco Muggia, MD,
Darryl Shibata, MD.

Participating Institutions: USC/Norris Cancer Center, LAC/USC Medical Center

B. VECTOR, TARGET CELL, AND TRANSDUCTION PROCEDURES

1 . The proposed gene is the neomycin resistant gene (Neo
R
).

The protocol will use 2 vectors: G1 Na and LNL6.

2. Both vectors have previously been approved by the RAC and used in dinical

protocols.

Both G1 Na and LNL6 were approved for the Protocol titled -

'Genetic Marking with retroviral vectors to study the feasibility of stem cell gene
transfer and the biology of hematopoietic reconstitution after autologous

transplantation in multiple myeloma, chronic myelogenous leukemia or metastatic

breast cancer". Principal Investigator: Cynthia E. Dunbar. M.D.. Clinical

Hematology Branch. NHLBI. published In Human Gene Therapy 9:205-222. 1993.

3. The vector supplier Is Genetic Therapy Inc, Gaithersburg, MD. In the future,

dinical grade LNL6 will also be supplied by the Vector Producing Unit (VPU) at the

Norris Cancer Center of the University of Southern California, Los Angeles, CA.
A separate IND application will be submitted when the VPU becomes operational.

4. The target cells for transduction are CD34+ enriched bone marrow and peripheral

blood progenitor cells (PBPC).

5. The median (range) rate of transduction of the proposed vectors in individually

picked CFU-GM colonies in our laboratory is:

Bone marrow cells - 7% (0-33%). (n= 4)

PBPC 37% (0-60%) (n= 4)

6. The median (range) level of gene expression in the target cells is:

Bone marrow cells - 2.2% (0-26%) (n= 4)

PBPC -5.5% <1 -1 1 .7%) (n= 4)
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7. Gene expression was determined by growing CFU-GM colonies in methyl-
cellulose in the presence and absence of G418. The number of colonies that

expressed the gene was determined by the number of colonies grown with G41

8

divided by the number of colonies grown without G41 8.

8. Contained in the Drug Master File supplied to the FDA by GTI.

9. Contained in the Drug Master File supplied to the FDA by GTI.

1 0. Contained in the Drug Master File supplied to the FDA by GTI.

C. CLINICAL PROTOCOL

1 . The in vitro system that determined the preclinical efficacy was as follows: bone
marrow or PBPC samples were enriched for CD34+ cells by positive

immunoselection with anti-CD34 antibodies using an immunoabsorption column
(CellPro Inc.). After incubation with biotinylated anti-CD34+ antibody, the cells

were passed over an avidin-conjugated column and the CD34+ cells bound to the

column were removed by mechanical agitation and collected. The cells were
exposed to the LNL6 or G1 Na retroviral vector-containing supernatants prepared
by Genetic Therapy Inc. The CD34+ enriched cells were preincubated for 42
hours in the presence of long IL-3, 50ng IL-6 and 10% autologous plasma at 37°

C. After washing, the cells were incubated at 37°C for six hours with lOng IL-3,

50ng IL-6. protamine sulphate and the appropriate vector-containing supernatant

at a ratio of approximately 10:1 (vector partides: cells). The transduced cells were
then grown in methyl cellulose In a standard CFU-GM assay in the presence and
absence of G418. Genomic DNA was obtained from individually picked CFU-GM
colonies and the marker gene was determined by PCR with oligonucleotide

primers homologous to the Neo* gene vectors: GINa: sense
5'GGTGGAGAGGCTATTCGGCTATGA 3\ antisense 5”ATCCTGATCGACAAGACCGGCTTC 3‘.

LNL6; sense sr caagatggattgcacgcagg 3*. antisense oocgctcagaagaactcgtc
3’. Each thermocyde consisted of denaturation (94°C, 1 min), annealing (51°C, 3
min), and polymerization (72°C, 3 min) for 30 cydes followed by 10 min at 72°C.

The PCR products were electrophoresed on agarose gel, stained with ethidium

bromide and visualized by UV light.

2. The end points of the protocol are:

a. Detection of LNL6 and/or G1 Na gene marker in hematopoietic precursors and

mature cells in patients who undergo autologous transplantation of CD34+
enriched bone marrow cells marked with one vector and CD34+ enriched PBPC
marked with the other vector.

b. Detection of LNL6 and/or GINa gene marker at sites of relapsed breast cancer

or lymphoma In patients who undergo autologous transplantation of CD34+
enriched bone marrow cells marked with one vector and CD34+ enriched PBPC
marked with the other vector.

(534]
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3. This protocol is not identical to another RAO-approved protocol.

4. This protocol is similar to the RAC-approved protocol “Genetic marking with

retroviral vectors to study the feasibility of stem cell gene transfer and the biology

of hematopoietic reconstitution after autologous transplantation in multiple

myeloma chronic myelogenous leukemia or metastatic breast cancer”. The major
differences between the protocols are:

a. We will study lymphoma patients in addition to breast cancer patients. The NIH
protocol does not include lymphoma patients.

b. We will transduce two peripheral blood progenitor cell harvests, as opposed
to one PBPC harvest in the above mentioned protocol. We hope to Increase the

rate of detection of marked cells after transplantation.

c. In our transduction method, the cells will be incubated for 48h
with IL-3 and IL-6

and they will be exposed to the vector only during the last six hours of the

Incubation. This differs from the NIH study In which the cells are incubated

for 72 hours with both the vector and the growth factors and the

transduction medium' is changed every 24 hours. In addition, our

Incubation medium does' hot include stem cell factor. We chose this

method to reduce the incubation time and the amount of supernatant

required. Our pre-dinical results Indicate that this method results in similar

transduction efficiencies and expression.

D. LOCAL COMMITTEE APPROVALS

1 . A copy of the Institutional Bio-Safety Committee approval is provided.

2. A copy of the Institutional Review Board approval is provided.

E. INFORMED CONSENT DOCUMENT

1. A copy of the IRB-approved Informed Consent is provided.

The text undertying items a, b, c, d, e, f are underlined in the Informed Consent
We have added sentences to the informed consent that address items a and e.

F. ADDITIONAL INFORMATION

1 . Bio-sketch of the principal investigator and the key collaborators are enclosed.

10-27*94
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SCIENTIFIC ABSTRACT

High-Dose Chemotherapy and Autologous Bone Marrow plus Peripheral Blood Stem Cell

Transplantation for Patients with Lymphoma or Metastatic Breast Cancer: Use of Marker

Genes to Investigate the Biology of Hematopoietic Reconstitution in Adults.

Principal Investigator: Dan Douer, MD

Autologous bone marrow transplantation (ABMT) is increasingly being used to rescue the bone
marrow function after high-dose chemotherapy in patients with lymphoma and breast cancer.

Over the past decade, transplantation of peripheral blood progenitor cells (PBPC) has emerged
as an important method for hematopoietic rescue after high-dose chemotherapy, instead of ABMT
or to supplement ABMT. This is conceivable because hematopoietic progenitor and possible

stem cells circulate in the blood and can be collected by leukapheresis.

Little is known of the biology of autologous bone marrow (BM) graft recovery. Sustained

hematopoiesis requires a population of multipotential stem cells capable of self-renewal and

differentiation to various cell lineages. More mature progenitor cells, even though capable of

proliferation and multipotential differentiation, have a more limited self renewal capacity. It is

unknown, for example, if cryopreserved marrow contains viable stem cells to allow long-term

engraftment or whether the autograft only provides temporary replenishment of committed

progenitor cells. The biology of hematopoiesis from peripheral blood derived cells is even less

clear. Since the BM is normally the site of hematopoiesis throughout life, there have been some
concerns that PBPC may not contain the appropriate repopulating stem cells necessary for long

term engraftment. It is also unknown if stem cells circulating in the blood differ from their

corresponding BM counterparts.

The mechanism of relapse after high-dose chemotherapy and ABMT or PBPC transplantation in

patients with breast cancer and lymphoma is also unknown. The intensive treatment may be
insufficient to overcome tumor cell resistance but it is also possible that reinfused occult tumor

cells may survive cryopreservation and contribute to relapse. Whether BM or peripheral blood

derived cells differ in this respect is unknown. This is important, since if elimination of residual

cancer cells is essential to the success of high-dose therapy, then methods of tumor "purging"

are fully justified. If PBPC contribute less to relapse than BM derived cells, then PBPC
transplantation would be a preferable approach. On the other hand, if the cause of relapse is not

related to transfer of occult cancer cells, improving the pretransplant regiment may be more
important.

Because autologous BM and blood progenitor cells are genetically identical to all other cells in

the recipient, it is impossible to determine the precise origin of long-term post-transplantation

hematopoiesis with present (non-gene transfer) technology. The current trial will mark cells in

transplanted BM and PBPC progenitors with two distinguishable genes contained in near-identical

retroviral vectors (LNL6 and GINa) carrying the Neon
gene. Detection of marked hematopoietic

cells after transplantation will allow us to trace their origin, to the transplanted BM or PBPC. If

genetic tumor cells are detected after transplantation, we could also trace their origin to the

reinfused PBPC or bone marrow cells. In this clinical trial, 10 patients with lymphoma or breast

cancer will be studied.

The details of the vectors GINa and LNL6 have been reviewed and approved by the RAC in

[
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several previous protocols and no changes have been made in them. The vectors will be
supplied by Genetic Therapy, Inc., Gaithersburg, MD.
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NON-TECHNICAL ABSTRACT

High-Dose Chemotherapy and Autologous Bone Marrow plus Peripheral Blood Stem Cell

Transplantation for Patients with Lymphoma or Metastatic Breast Cancer: Use of Marker
Genes to Investigate the Biology of Hematopoietic Reconstitution in Adults.

PRINCIPAL INVESTIGATOR: Dan Douer, MD

This protocol is intended for patients with breast cancer or lymphoma who will be treated by

autologous bone marrow transplantation (BMT) to restore their bone marrow function that has

been previously damaged by high doses of chemotherapy drugs. The bone marrow is the site

where all blood cells are produced from cells that we call "stem-cells". Because the high doses

of chemotherapy will destroy these normal blood producing cells (stem-cells), transplantation of

the previously collected bone marrow (which contains stem-cells) is necessary. We know that

the blood also contains a few stem cells, which can be collected then transplanted together with

the bone marrow cells. It is believed that by adding blood stem cells to the bone marrow cells,

the recovery of bone marrow function after the transplantation is faster. However, we do not

know if these circulating blood stem cells are different from the bone marrow stem cells, or if they

are also capable of permanently renewing the bone marrow function. We also do not know if a
few invisible cancer cells may be still present in the transplanted bone marrow or blood and
whether they contribute differently to recurrence of cancer after being infused back into the

patient.

To answer these questions, we will insert a gene into some of the bone marrow and a slightly

different gene into some of the blood cells. A special laboratory technique will be used to put the

genes into a portion of the bone marrow and a portion of the blood which were previously

collected. These treated bone marrow and blood cells are referred to as "marked" cells. By
inserting these particular genes into the cells, we will be able to distinguish the marked cells from

all other cells in the body. If any of the blood cells and marrow cells that return after the

transplantation contain the cells that are marked by the gene, we would be able to follow these

markers over a long period of time. We then would know if the blood stem cells or bone marrow
stem cells were responsible for permanent marrow function after the transplantation. In addition,

if the cancer re-occurs, and one or both of the genes is present in the recurring tumor, we may
be able to determine if invisible tumor cells were actually present in the bone marrow or blood,

perhaps contributing to the relapse of cancer after transplantation. In this clinical trial, 1 0 patients

with lymphoma or breast cancer will be studied.

The introduction of these genes would have no treatment benefit to the patient but the results

may lead to a better understanding as to how the bone marrow and blood stem-cells recover after

transplantation and also may help to plan better ways to improve the safety and usefulness of this

procedure.

No side effects have been seen in animals or any person treated thus far with these marker

genes. Consequently, for the several patients who have already received these genes, no side

effects ("toxicity") have been observed.
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Cover Sheet for Accelerated Review of a Human Gene Transfer Experiment

A. Background

Title: A Phase I Study of Vaccination With Autologous, Irradiated

Melanoma Cells Engineered to Secrete Human Granulocyte-

Macrophage Colony Stimulating Factor

Principal Investigator: Glenn Dranoff, M. D.

Participating Institutions:

Dana-Farber Cancer Institute, Boston, MA
Massachusetts General Hospital, Boston, MA
Somatix Therapy Corporation, Alameda, CA

B. Vector, Target Cell, and Transduction Procedures

1. The vector is MFG-S. The gene is the human GM-CSF gene.

2. The MFG-S vector containing the human GM-CSF gene has been

NIH RAC reviewed and approved in protocol 9303-040 in March,

1993 (Phase I Study of Non-Replicating Autologous Tumor Cell

Therapy with and without GM-CSF Gene Transduction in Patients

with Metastatic Renal Cell Carcinoma, Jonathan W. Simons,

Principal Investigator).

3. The vector and irradiated, transduced melanoma vaccine cells are

supplied by Somatix Therapy Corporation under FDA approved
IND BB5229 for Phase I study.

4. The target cells we have transduced are autologous human
melanoma cells in primary culture.

5. Copy number ranges from 0.1 to 1.0 at Somatix Therapy Corporation

in primary melanoma cells using a single transduction of a

production lot of MFG-S-GM-CSF.

6. The level of gene expression in the study is 40-1000 ng/10^ cells/24

hours.

7. Gene expression is measured by ELISA (copy number determined by

Southern analysis).
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8. RCR will be assayed for using the attached FDA supervised tests at

Somatix Therapy Corporation under IND BB5229.

9. RCR has not been detected in either production lots for vaccine

generation or transduced melanoma cells.

10. Sensitivity of testing for Somatix Therapy Corporation IND BB5229
is attached.

C Clinical Protocol

1. Irradiated, GM-CSF transduced tumor cells have been demonstrated
to be active in multiple murine tumor model systems including the

B16 melanoma, RENCA renal cell carcinoma, CMS-5 fibrosarcoma,

Lewis lung carcinoma, WP-4 fibrosarcoma, CT-26 colon carcinoma,

C1300 neuroblastoma, Dunning prostate carcinoma, MBT-2 bladder

carcinoma.

2. This is a Phase I study designed to determine the dose limiting

toxicity and maximum tolerated dose of autologous, irradiated

melanoma cells engineered to express GM-CSF.

3. No.

4. The proposed study is similar to the RAC approved Phase I renal

cell carcinoma trial, protocol # 9303-040. The major differences are:

(1) the tumor target is melanoma rather than renal cell carcinoma,

(2) all patients will receive GM-CSF transduced cells as vaccines, and

(3) the vaccine schedule will be 1 x lO'
7
cells per injection varied

from every month to every week (the total dose of cells

administered is within the range tested in the renal cell trial).
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SCIENTIFIC ABSTRACT

A Phase I Study of Vaccination with Autologous, Irradiated Melanoma Cells

Engineered to Secrete Human Granulocyte-Macrophage Colony Stimulating

Factor

This clinical trial for patients with metastatic melanoma will investigate the

use as therapeutic vaccines of autologous, irradiated melanoma cells

engineered by retroviral mediated gene transfer to secrete human
granulocyte-macrophage colony stimulating factor (GM-CSF). A total of 16-25

patients will be treated at three different dose levels of vaccine. Each patient

will receive inoculations of 1x10^ autologous melanoma cells (secreting 40-

1000 ng of GM-CSF/IO^ cells/24 hours) subcutaneously and intradermally. The
interval between vaccinations will be varied from every month to every two
weeks to weekly for a total duration of three months. This design will test the

effects of increasing both the frequency of vaccination and the total number
of cells and GM-CSF administered.

The proposed study is based on pre-clinical experiments in murine tumor
model systems which indicated that injection of irradiated tumor cells

engineered to secrete murine granulocyte-macrophage colony stimulating

factor generated potent, specific, and long lasting anti-tumor immunity.

Efficacy of irradiated, GM-CSF expressing cells could be demonstrated in models

of melanoma, renal cell carcinoma, fibrosarcoma, lung carcinoma, colon

carcinoma, neuroblastoma, bladder carcinoma, and prostate carcinoma.

The MFG-S replication defective retroviral vector provides efficient transfer

and expression of the gene encoding human granulocyte-macrophage colony

stimulating factor in primary short term melanoma explants. As no selection

for transduced cells is required, antigenic heterogeneity within the

vaccinating inoculum is relatively preserved. The vaccinating cells are

lethal ly irradiated with 15,000 rads (which does not interfere with their GM-
CSF production) to provide safeguards against both the injection of tumor cells

potentially rendered more virulent by in vitro manipulation or insertional

mutagenesis, and the autonomous growth of nonneoplastic cells induced by

autocrine synthesis of their own growth factors.

The overall goals of the proposed phase I study are:

1. To evaluate the safety of clinical administration of autologous,

irradiated melanoma cells engineered, by retroviral mediated gene

transfer, to secrete human granulocyte-macrophage colony stimulating

factor.

2. To determine, if possible, the dose limiting toxicity (DLT) and

maximum tolerated dose (MTD) of autologous, irradiated melanoma
cells engineered to express GM-CSF.

3. To describe and quantify any local or systemic immune response

stimulated by vaccination with autologous, irradiated GM-CSF
expressing cells.
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NON-TECHNICAL ABSTRACT

A Phase I Study of Vaccination with Autologous, Irradiated Melanoma Cells

Engineered to Secrete Human Granulocyte-Macrophage Colony Stimulating

Factor

No consistently effective therapy exists for metastatic melanoma. Interest

in the immunotherapy of melanoma has been stimulated by the observation

of rare, spontaneous regressions of disease and the increasing evidence that

the host can mount an immunologic response against melanoma. We have

conducted extensive laboratory studies using a new strategy for inducing anti-

tumor immune responses to mouse tumors, including melanoma. By
inserting the immunostimulatory gene granulocyte-macrophage colony

stimulating factor (GM-CSF) into mouse melanoma tumor cells and injecting

them under the skin, systemic anti-tumor immune responses have been

induced, resulting in the eradication of implanted tumors at distant sites.

Importantly, the tumor vaccine cells could be lethally irradiated after genetic

engineering without compromising the efficacy of treatment. We have

demonstrated that this retroviral gene transfer system can also be used to

introduce the GM-CSF gene into melanoma cells obtained from cancer

patients.

This clinical trial will evaluate the safety and toxicities associated with

therapeutic vaccinations using autologous melanoma cells engineered to

secrete human GM-CSF. Patients will undergo a surgical procedure to obtain

melanoma cells for vaccine preparation. The patient cells will be genetically

engineered to express the GM-CSF gene and then lethally irradiated. This

represents an important safeguard against the introduction into the patient of

tumor cells rendered potentially more virulent by laboratory manipulations.

Patients will receive injections of the irradiated GM-CSF expressing cells in

the skin. Different schedules of vaccination will be tested, ranging from

injections every month to every week for a total of three months.

The proposed study seeks to determine the safety and toxicity of

administering this type of genetically engineered cancer vaccine. While the

study is not intended to assess the efficacy of this treatment, it will provide

important information that will be incorporated into future efficacy studies.

Measurements will be made in this trial of any immunologic responses

stimulated by the vaccine.
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HUMAN GENE TRANSFER PROTOCOL

9412-094 Dorkin, Henry L.; New England Medical Center, Tufts University, Boston,

Massachusetts; and Lapey, Allen; Massachusetts General Hospital, Harvard

Medical School, Boston, Massachusetts; Adenovirus Mediated Gene Transfer

for Cystic Fibrosis: Safety of a Single Administration in the Lung (aerosol

administration).

Date of RAC Approval: 12-1-94
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Moenovirus-weqiaieo v»ene i ranstef tor uystic Fibrosis: Safety of Single Aerosolized Administration to the Lung

SCIENTIFIC ABSTRACT OF THE PROTOCOL Scientific Abstract
Practical development of gene transfer for cystic fibrosis will likely necessitate aerosol delivery to the lung. This protocol

seeks to address two key questions regarding the use of adenovirus vectors for CF gene therapy, can adenovirus

vectors be administered safely to the lung at dose levels believed to be required for effective correction of the CF defect, •

and is aerosolization of vector a safe mode of administration? This protocol is an extension of a previously approved
protocol for bronchoscopic administration of a replication-defective adenovirus vector (Ad2/CFTR-2) to a lobe of the

lung of CF patients. These protocols will be conducted in a staggered, but conccurent manner at the same two

institutions. Safety is maximized in this protocol by evaluating two lobar administrations of Ad2/CFTR-2 prior to initiating

the aerosol protocol. We have timed these two protocols such that prior to each aerosol dose, an equal dose and the

next higher dose will have been administered by bronchoscope to a lobe of the lung. We will have evaluated the equal

dose for two months and the next higher dose for one month.

An earlier study to evaluate the safety of a replication defective adenovirus vector (Ad2/CFTR-1) in the nasal epithelia of

CF patients was conducted. In that first protocol (ORDA protocol #9212-036), Ad2/CFTR-1 was administered to four CF
patients. In all four cases changes in electrolyte transport were detected following treatment with vector. No adverse

effects that could be attributed to the adenovirus vector were detected. A second protocol (ORDA protocol #9312-067),

which is ongoing, is designed to address two key questions regarding the use of adenovirus vectors (Ad2/CFTR-2) for

CF gene therapy, is it safe to administer virus multiple times, and is it possible to obtain evidence of clinical and

biochemical efficacy? This second protocol is in its early stages, making it premature to make definitive conclusions

about the eventual outcome. However, no results have yet been obtained from the study that would suggest that repeat

dosing of adenovirus vectors is unsafe.

The proposed protocol will use the same second generation adenovirus vector, named Ad2/CFTR-2, that was used in

the second protocol (#9312-067). This type 2 adenovirus lacks El and in its place contains a modified transcription unit

with the phosphoglycerate kinase (PGK) promoter and a poly A addition site flanking the CFTR cDNA. Results from

several studies indicate that PGK promoter will direct modest CFTR expression levels and that it will not be subject to

inactivation. The E4 region of the vector has also been modified in that the whole coding sequence has been removed

and replaced by ORF6, the only E4 gene essential for growth of Ad2 in tissue culture. The genome of Ad2/CFTR-2 is

101% the size of wild type Ad2 and it can be grown readily to high titer in culture. Clinical lots of vector are produced

using master or working cell bank cells and master virus seed stocks each of which has been subjected to rigorous

testing. Vector preparations must pass a series of tests before they are released for clinical use.

This study will evaluate the safety of aerosol administration of Ad2/CFTR-2 to the pulmonary airway of patients with CF.

There will be 8 study groups of 2 patients each, with each patient within a group receiving the same dose of

Ad2/CFTR-2. The study treatment doses range from 8 x 106 to 2.5 x 10 10 IU and increase from the lowest dose to the

highest dose in half log increments. The aerosolization protocol is designed to begin after initial safety data is available

from the lobar administration protocol. In the concurrent lobar protocol, which uses the same dose increment schedule,

3 patients will receive the virus by bronchoscopic administration to a lobe of the lung. After a 1 month monitoring period

and if no adverse effect is noted, 3 patients from the next higher dose group will receive the virus through

bronchoscopic administration. After an additional 1 month monitoring period 2 patients from the initial dose group in the

aerosol study will receive aerosol administration to the entire lung. A total of 16 patients with mild to moderate disease

will be enrolled in the study. Each study patient will be at 90% or more of their peak pulmonary function achieved within

the last year. Prior to administration of the virus, study patients will be monitored for at least 3 weeks to ensure that they

are clinically stable. Specifically, the patient will not have experienced a CF exacerbation requiring hospitalization or

shown evidence of adenoviral shedding within 3 weeks and will not have had an upper respiratory infection within 2

weeks prior to treatment with Ad2/CFTR-2.

Each patient will be followed for 21 days prior to treatment, then they will be treated and closely monitored for 28 days

post treatment. This post-treatment monitoring includes 3 days as an inpatient, with discharge on the fourth day, and

then 24 days as an outpatient. Each patient will be assessed for evidence of an adverse systemic, immune,

inflammatory or respiratory response to Ad2/CFTR-2. Subsequently, patients will be monitored on a monthly basis for 6

months and then at least every 3 months for 1 year. Long-term follow-up by annual query will continue for at least 10

years. Patient specimens will also be examined throughout the study for any evidence of Ad2/CFTR-2 viral shedding.

At post treatment Day 7 of the study, each patient will undergo bronchoscopy during which a brushing will be performed.

Specimens from the brushing will be evaluated for gene expression by RNA template-specific PCR (RS-PCR).

Bronchoalveolar lavage data will be available from patients enrolled in the concurrent bronchoscopic lobar study.

The outcome of this protocol will add further to our knowledge of the safety and efficacy of adenovirus vectors and will

be invaluable in the design of subsequent protocols targeted to the respiratory airways and of future generations of

adenovirus vectors.
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Non-Technical Abstract
Adenovirus-Mediated Gene Transfer for Cystic Fibrosis: Safety of Single Aerosolized Administration to the Lung

DESCRIPTION OF THE PROPOSED EXPERIMENT IN NON-TECHNICAL LANGUAGE

Cystic fibrosis (CF) is a common inherited disease among the white population of Europe and North America, ft is

characterized by chronic infection and obstruction of the airways leading to the lungs. Patients commonly die from the

disease by their mid-to-late twenties. The recent discovery and characterization of the inherited material — the r^ne —
that causes the disease has led to a rapid increase in our knowledge of the basic defect responsible for the disease

state, and has raised the possibility of treating CF by giving to the patient a good copy of the CF-associated gene. This

is a new approach to the treatment of inherited diseases, called gene transfer.

Eventually gene transfer for cystic fibrosis might be achieved by treating the airways of CF patients with a “tailor-made"

virus that has been altered to make it less infectious and to include the CF gene. One possible virus to do this is called

adenovirus. It is normally associated with minor respiratory infections, such as colds. Although adenoviruses have

been used safely in the past as vaccines, we need to establish the feasibility and safety of using such an approach for

treatment of cystic fibrosis.

The sponsors of this proposal have already treated eight CF patients with very small amounts of CF-adenovirus and

shown it is possible to correct the basic defect associated with the disease. In two studies virus was applied to a small

area within the nose and a small electrode used to measure the tiny voltage that normally exists across the lining of the

nose. In patients with CF, this voltage is abnormal because of a defect in the CF gene. After administration of virus,

this voltage was temporarily restored to normal.

We are extending these studies to ascertain whether it is safe to administer virus to the lung in amounts that are

believed to be large enough to correct the defect in the CF gene, and whether virus can be introduced safely into the

lung by aerosol treatment — breathing in a mist of virus . The first study, "Adenovirus-Mediated Gene Transfer for

Cystic Fibrosis: Safety of Single Administration to the Lung" will evaluate administration of the virus to a small part of

the lung (a lobe) by a bronchoscope, a tube commonly used in pulmonary medicine which allows visualization of the

airways. If no problems occur after a total of six patients have received two different doses (3 in each dose group), this

aerosol study will begin. By testing aerosol administration of the virus the lung, starting with small doses, we can leam if

this widely used and noninvasive method of lung treatment can be safely used with our virus vector. In this way, we

hope to maximize patient safety, while at the same time determining whether adenovirus is likely to be safe for use in

CF patients.
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Genzyme Corporation Ad2/CFTR-2 Gene Transfer Protocol: Single
One Kendall Square, Cambridge, MA 02139 Aerosol Administration to the Lung of CF Patients

ADENOVIRUS-MEDIATED GENE TRANSFER FOR CYSTIC FIBROSIS: SAFETY OF SINGLE AEROSOLIZED
ADMINISTRATION TO THE LUNG

Investigators: Henry Dorkin, M.D. of the New England Medical Center and Allen Lapey, M.D. of

Massachusetts General Hospital

Co-investigators: Joseph Oren, M.D. of the New England Medical Center and Patricia Joseph, M.D. of

Massachusetts General Hospital
Protocol

INTRODUCTION

Cystic fibrosis (CF), is a lethal autosomal recessive disease resulting from mutations in the gene encoding the cystic

fibrosis transmembrane conductance regulator (CFTR) protein, a protein which forms a chloride channel that is

regulated by phosphorylation and by intra-cellular nucleotides [1-3]. Mutations in the CFTR gene cause a loss of CFTR
chloride channel activity and thus contribute to the hallmark of the disease: defective electrolyte transport by affected

epithelia [4-6] . Our current understanding of the structure and function of CFTR suggests that gene transfer could

represent an important advance in treatment.

The feasibility of gene transfer to lung cells was initially demonstrated by the finding that expression of the cDNA for

wild-type CFTR corrected the chloride channel defect in cultured CF airway epithelia cells [7] . Subsequently,

recombinant adenovirus vectors have been constructed and tested in cell culture models and in animals for their ability

to deliver CFTR cDNA to airway epithelial cells. The results of these studies are encouraging in terms of the ability of

adenovirus vectors to transfer and to express CFTR. The safety record of their administration at doses predicted to be

relevant for the treatment of patients with CF [8], is important and thus far satisfactory.

Based on the results of these preclinical studies, a clinical strategy for CF gene therapy was planned. Because patient

safety is the primary concern while any questions about the safety of adenovirus vectors remain, we have adopted a

conservative clinical trials approach, one in which safety and efficacy of adenovirus vectors are first assessed in the

upper airways before attempting lower airway (i.e. lung) administration. In our first clinical trial, ’Cystic Fibrosis Gene

Therapy: In Vivo Safety and Efficacy in Nasal Epithelium (ORDA #9212-036), a single dose of an adenovirus-based

vector encoding CFTR (Ad2/CFTR-1) was administered to the nasal respiratory epithelium of 4 patients. Although the

first 2 patients experienced some local inflammation attributable to the device used for nasal instillation, there were no

adverse events observed in these 4 patients associated with the use of Ad2/CFTR-1 [8]. Evidence of transient

restoration of CFTR channel activity was obtained.

Our second clinical trial, ’Adenovirus-Mediated Gene Transfer for Cystic Fibrosis: Part A-Safety of Repeat

Administration in the Nasal Epithelium and Part B-Safety of Repeat Administration in the Maxillary Sinus" (ORDA

#9312-067) uses the vector Ad2/CFTR-2 to address two critical issues; the effect of repeat vector administration on

safety and biochemical efficacy, and the potential for achieving clinical efficacy upon restoration of CFTR channel

function in the upper airways. Repeat doses of the vector are administered to the nasal and sinus respiratory epithelium

to gain the maximum information while minimizing risk to patients. To date, 2 patients have received 4 administrations

of Ad2/CFTR-2 (2 x 10 7
, 2 x 10s

,
2 x 109

,
and 6.6 x 10 9 IU) and two additional patients have received the 2 x 10 7 dose

to the nasal epithelium with no study drug related adverse effects. Evidence of transient restoration of CFTR channel

activity has also been obtained.

In this proposed study, we plan to assess the safety of single dose administration of Ad2/CFTR-2 to the lower airway by

aerosolization to the lung after testing of the dose in a concurrent protocol for administration to a single lobe of the lung.

The efficient delivery of gene transfer to patients with CF will be accomplished by aerosol to the airway. In a future study

we will assess the safety and efficacy of repeat aerosol administration of Ad2/CFTR-2 to the lung.

STUDY OBJECTIVE

The objective of this study is to evaluate the safety of a single aerosolized administration of Ad2/CFTR-2 to the lung of

cystic fibrosis patients.
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Study Summary

This study will evaluate the safety of the administration of Ad2/CFTR-2 to the pulmonary airway of patients with CF. A
total of 16 patients with mild to moderate disease will be enrolled in the study. There will be 8 study groups of 2 patients

each, with each patient within a group receiving the same dose of Ad2/CFTR-2. The study treatment doses range from

8 x 10 6 to 2.5 x 10 10 IU and slowly increase from the lowest dose to the highest dose in half log increments. This

protocol is an extension of a protocol for bronchoscopic administration of Ad2/CFTR-2 to a lobe of the lung of CF
patients. We intend to conduct these protocols simultaneously. We will maximize safety in this protocol by evaluating

lobar administrations of the lowest dose and the next higher dose of Ad2/CFTR-2 to a total of 6 patients prior to initiating

the aerosol protocol. We have timed these two protocols such that prior to advancing to the next higher aerosol dose,

an equal dose and the next higher dose will have been administered by bronchoscope to a lobe of the lung. We will

have evaluated the equal dose for two months and the next higher dose for one month. No patient will receive an

aerosolized dose of Ad2/CFTR-2 to the whole lung until the following, higher dose group has begun localized

administration. This provides an additional measure of safety to the entire protocol by lengthening the observation

period before aerosolization begins. (Please refer to the protocol flow sheet on page 17 for an illustration.)

Each patient will be followed for 21 days prior to treatment, then they will be treated and closely monitored for 28 days

post treatment. This post-treatment monitoring includes 3 days as an inpatient, with discharge on the fourth day, and

then 24 days as an outpatient. Each patient will be assessed for evidence of an adverse systemic, immune,

inflammatory or respiratory response to Ad2/CFTR-2. Patient specimens will also be examined throughout the study for

any evidence of Ad2/CFTR-2 viral shedding. Subsequently, patients will be monitored on a monthly basis for 6 months

and then at least every 3 months for 1 year. The patients will be followed for ten years by annual query.

At post treatment day 7 of the study, each patient will undergo bronchoscopy during which a brushing will be performed

using a lobe which was likely to have been exposed to the vector. Specimens from the brushing will be evaluated for

biochemical efficacy. Specifically, analysis of gene expression by RNA template-specific PCR (RS-PCR) will be

performed. BAL specimens from a control and treated lobe will be obtained in the concurrent lobar protocol.

Background and Rationale

In our previous RAC approved protocol using Ad2/CFTR-1 (ORDA #9212-036) we provided a discussion of CF and CF
lung disease as background and provided references as documentation. We will not repeat that here. The major points

are: a) Cystic fibrosis is a common genetic disease [1]. b) Although there are a variety of clinical manifestations,

severe chronic lung disease is the major cause of morbidity and mortality, c) Although improvements have been made,

no treatment is directed at the underlying defect. As a result CF remains a chronic, terminal and incurable illness with

approximately 50% survival at age 30 years (CF Foundation Patient Registry).

Considerations for Gene Therapy of CF

Target Tissue for Gene Transfer : It is unlikely that any gene therapy protocol will correct 100% of the airway epithelial

cells that normally express CFTR. Our data in cultured cell models and that of other investigators suggest that

correction of a fraction of the cells may be sufficient to at least partially correct the chloride transport defect [8]

.

Although the safety of overexpressing CFTR is not known with certainty, current data suggest that there may be a

reasonably wide therapeutic index.

Adenovirus Vectors for Gene Transfer to Patients with CF : Adenoviruses are widespread in the human population.

Viral infection, especially with the Ad2 and Ad5 serotypes of subgenus C, is generally not associated with serious

disease [9, 10]. Infection usually results in mild respiratory tract symptoms. Exposure to the virus is widespread with

the majority of adults being seropositive for serotype C adenoviruses. Engineered adenovirus offers an attractive

means by which gene therapy for cystic fibrosis might be achieved [11-13] . The advantages and potential

disadvantages of using an engineered adenovirus have been extensively reviewed in our previous RAC applications.

Adenoviruses have an impressive safety profile in terms of the toxicity of wild-type infections, their use in vaccines, their

lack of oncogenicity in humans, and our initial trials in humans. Adenovirus also has some potential disadvantages; the
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one of most concern relates to the possibility that administration of adenovirus may induce an inflammatory or immune

response. An additional concern is the possibility of virus replication.

Evaluation of Clinical Efficacy of Gene Transfer in CF : A number of potential problems can be anticipated in the

evaluation of clinical efficacy of gene transfer in the lung. As a result, it may be difficult to determine whether clinical

benefits outweigh any adverse effects associated with vector administration. Because CF is a chronic disease, tests of

severity made over a short period of time may not be sensitive or may be subject to error. If one chooses to study

patients with severe disease [FEM^ of 20-30% predicted), then there will be a large amount of irreversible bronchiectasis

and other pathology that would not be expected to be affected by gene transfer. Moreover, the 2 year mortality rate for

those patients is 50% [14] . In contrast, those patients with mild lung disease (FEV] > 61%) have mortality rates of less

than 5% in 2 years. Thus, assessment of mortality is impractical as an endpoint in evaluation of therapy.

Pulmonary function tests are frequently helpful as an endpoint but they are not without problems. They are subject to

fluctuations by factors other than those being investigated. Perhaps evaluation of pulmonary anatomy by high-

resolution chest CT, and function evaluated by assessment of mucociliary clearance, and cardiopulmonary exercise

testing may be more sensitive and specific. In any case, it is doubtful that clinical efficacy will occur with 1

administration of Ad2/CFTR*2. As the great majority of cells within the respiratory epithelia are terminally differentiated

and turn over eventually, continued CFTR expression within airways will require periodic reapplication of Ad2/CFTR-2.

Measurement of changes in clinical endpoints will possibly require restoration of CFTR function over a period of several

months at least. However, we must first establish the safety of the vector in the lung prior to attempting to establish its

efficacy by repeat administration.

Design of Ad2/CFTR-2 : Ad2/CFTR-2 is diagrammed in Figure 1. Aside from the difference in the virus serotype, this

vector, like our previous vector, Ad2/CFTR-1
,
differs from Ad5-based CF vectors by retaining the E3 region. E3

sequences were retained in these vectors because E3-deleted, but otherwise wild-type adenoviruses have been shown

to be more pathogenic for rodents. It should be noted however that expression of E3 in El -deleted vectors has not

been reported. The Ad2/CFTR-2 DNA construct was derived from a full length copy of the Ad2 genome from which the

El genes had been deleted and replaced by an expression cassette encoding CFTR. The expression cassette included

the promoter for phosphoglycerate kinase (PGK) and a poly A addition site from the bovine growth hormone gene. PGK
is not a strong promoter, but the endogenous levels of CFTR in human airway cells are not high perhaps meaning that

strong promoters are not required. In addition, the E4 region of Ad2 was deleted and replaced by open reading frame 6

(ORF6) of the Ad2 E4 region. The minimal E4 function required for virus replication in vitro has been retained. The

bovine growth hormone poly-adenylation signal has been incorporated into Ad2/CFTR-2 downstream from the CFTR
cDNA.

Figure 1 : Ad2-Based CFTR Gene Therapy Vectors
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’ :

Studies of Ad2-CFTR-1

Preclinical Studies of Ad2/CFTR-1. Ad2/l3Gal-1. and Ad2/CMVBGal : Preclinical studies of the related vectors,

Ad2/CFTR-1
,
Ad2/BGal-1

,
and Ad2/CMVBGal, include evaluations of the life cycle, safety, and efficacy of the vectors in

vitro, as well as studies in cotton rats, guinea pigs, and Rhesus monkeys. These studies are encouraging in terms of

the ability to express functional CFTR and in terms of safety.

Clinical Study of Ad2-CFTR-1 (Protocol No. CF93-0101) : To evaluate the potential of direct transfer of CFTR cDNA for

the treatment of CF, Ad2/CFTR-1 was administered to a defined area of nasal airway epithelium of 4 individuals. The
patients received from 2 x 106

III in the first patient up to 5 x 107 IU in the last two patients. The last 2 doses represent

an MOI of 25. The airway epithelium that lines the nasal cavity is similar in morphology and function to the airway

epithelium that lines the lower respiratory tract. Most importantly for our initial clinical studies, CF causes similar

abnormalities of electrolyte transport in both the upper and lower airway epithelium.

In all 4 patients the treatment corrected, focally, the Cl' transport defect that is characteristic of CF-affected epithelia.

The correction was demonstrated by measurement of the transepithelial electrical potential difference across the nasal

epithelium which provides an easy and reliable measure of the chloride transport function of the epithelium [15, 16].

After treatment, there was a decrease in the elevated basal transepithelial voltage and the normal response to a cAMP
agonist was achieved. These changes were transient. There was no evidence of viral replication or virus-associated

adverse effects, even at the highest dose tested. None of the patients exhibited an antibody response to Ad2/CFTR-1

.

More detailed results of this study were published by Zabner and colleagues [8].

The first 2 patients in this study experienced inflammation at the site of Ad2/CFTR-1 administration. This inflammation

was believed to be related to the application device and/or anesthesia since the same inflammation was observed in

separate, control CF patients when the identical anesthesia and application procedure was used to apply saline rather

than Ad2/CFTR-1 . The third and fourth patients did not experience this inflammation when an alternative, non-invasive

application methodology was utilized to administer Ad2/CFTR-1 in the nasal airway.

Studies of Ad2/CFTR-2

Preclinical Studies of Ad2/CFTR-2 In Vitro : The ability of Ad2/CFTR-2 to express CFTR in vitro has been tested in

human PleLa cells, human 293 cells, and primary cultures of normal and CF human airway epithelia. When these cells

were grown on culture dishes, the vector was able to transfer CFTR cDNA and express CFTR as assessed by

immunoprecipitation and by functional assays of halide efflux. It has also been shown that Ad2/CFTR-2 can correct the

cAMP-stimulated chloride secretion defect in primary cultures of CF airway epithelial cells grown on permeable filter

supports at the air-liquid interface [17-20] . Such cultures closely resemble the native epithelium, both morphologically

and functionally. Importantly, the results of the first clinical study in patients with CF using Ad2/CFTR-1 indicate that

data obtained with primary cultures of human airway epithelia grown on permeable filter supports predict the results in

the airway epithelium of patients.

In studies of the life cycle of Ad2/CFTR-2, it was found that viral DNA remains episomal. Ad2/CFTR-2 viral DNA
replication was not detected except in circumstances where El activity is supplied, specifically, when El activity is

supplied from permissive 293 cells or in coinfections with wild type adenovirus. Moreover, it was found in coinfection

experiments that wild type Ad2 rapidly outgrows Ad2/E40RF6 +
,
the parent vector that was used to construct

Ad2/CFTR-2. These results show that although the Ad2E4'ORF6+ virus is viable in 293 cells, its growth is disabled

relative to wild-type.

Preclinical Studies of Ad2/CFTR-2 In Vivo

Rodent Studies: Cotton rats ( Sigmodon hispidus) are commonly used in assessing safety of recombinant adenovirus

vectors because they are permissive for viral replication after intranasal inoculation of wild-type adenovirus types 1, 2, 5,

and 6[21, 22] and also develop pneumonia after treatment, mimicking human adenovirus induced lung disease. In the

first cotton rat study, the safety of Ad2/CFTR-2 during 3 transtracheal administrations of low (108 IU) and high (10
9 IU)

doses was assessed. Indicators of injury in the lung (BAL protein and total cell numbers) suggested that there was an

[550]
Recombinant DNA Research, Volume 20



Genzyme Corporation Ad2/CFTR-2 Gene Transfer Protocol: Single
One Kendall Square, Cambridge, MA 02139 Aerosol Administration to the Lung of CF Patients

instillation and not vector-related injury at the early time point, but that this resolved by Day 10. On Day 10 there was
very mild lung inflammation associated with multiple injections of the adenovirus vector. However by Day 21 all

parameters were resolving or resolved with only the high dose animals remaining affected by some indicators of injury.

Others have reported adenovirus vector associated inflammation, however we had not seen significant inflammation in

the cotton rats, rabbits or monkeys in previous experiments. Therefore, pilot studies were performed under conditions

that would produce moderate to severe injury in the lung as a result of vector administration. The lungs of BALB/c mice

were moderately injured only in response to a partially purified preparation of Ad2/CFTR-2 and not to high doses of

purified virus. However, in the C57BL/6 mouse, severe inflammation was seen in the lungs at 7 days and longer after

administration of a high dose of purified Ad2/CRR-2 (3 x 1

0

9 IU). Thus inflammation due to adenovirus may vary with

different species or genetic background as well as with vector and dose.

Additional studies in rodents are being conducted to measure adenovirus vector-induced inflammation in response to

the variables of dose, time post treatment, virus purity, virus activity and genetic composition of the recipient rodent.

Although we conclude that rodents represent good models in which we can explore the inflammatory response to

adenovirus vectors, questions remain as to the mechanism and significance of inflammation seen only in a subset of

animal models.

Rhesus Monkey Studies: As part of our long-term program to develop adenovirus vectors for CF gene therapy we have

conducted a series of experiments in Rhesus monkeys (Macaca mulatta). Rhesus monkeys were studied because the

physiology and anatomy of the airway epithelium closely resembles that of humans [23]. Initially we applied Ad2/CFTR-

1 into the nasal cavity of 3 monkeys on 3 occasions. Then we applied Ad2/CFTR-2 to the nasal epithelium on 2

additional occasions for a total of 5 administrations. Although all 3 monkeys had positive antibody titers to adenovirus,

none of the animals developed any clinical signs of viral infection or inflammation, either systemically or in the nasal

epithelia. There was no viral replication and biopsies and brushings of treated epithelia showed no evidence of

inflammation. This repeated administration did not prevent expression of CFTR.

In an ongoing study, to examine the effects of repeat administration of Ad2/CFTR-2 to the lung of Rhesus monkeys, 8

monkeys are arranged in 3 groups for treatment; 2 animals are treated with vehicle alone, 3 animals are treated with 3 x

10 9 IU (approximately 4.5 x 10 11 particles), and 3 animals are treated with 3 x 1010 IU (approximately 4.5 x 10 12

particles). To date these animals have been treated 11-16 times by instilling virus through a bronchoscope into the left

caudal lobe at 3 week intervals. All treated animals have consistent dose-related elevations in anti-adenovirus

antibodies. The animals have remained clinically normal at these doses throughout the study as assessed by body

weight, respiratory rate, heart rate, clinical chemistry, CBCs and X-ray. Protein and cell content of bronchoalveolar

lavage (BAL) is generally higher in treated versus control animals but the levels are not consistently altered in proportion

with either the concentration of virus administered or number of treatments. One parameter that is consistently altered

in treated monkeys is an increase in the percentage of lymphocytes (mostly CD8+) in the BAL. One animal from the low

dose and one from the high dose groups were sacrificed after 1 1 doses and examined for evidence of histopathology in

the lungs. There were some minimal changes involving <5% of the alveoli in the treated lobes of both animals. In

addition, the treated lobe of the higher dose animal also had a focal fibrotic lesion that was characterized by an outside

pathologist as moderate to severe. Several features of this lesion including its focal nature suggested that it may not

have been directly related to the protocol but to a pre-existing condition. The relative contribution of the repeated

instillation of vector is unknown. The doses have been increased from 3 x 10 9 IU to 6 x 1010 IU and from 3 x 10 10 IU to

3 x 10 11 IU in the remaining animals for further observations. Although no serious adverse events have been detected

after 6 exposures to these increased doses, some lesions have been noted on the chest x-rays at the site of treatment.

In our second study of repeat administration of Ad2/CFTR-2 to the lungs of Rhesus monkeys, 2 animals that had been

exposed previously to 5 nasal exposures received administration of 1-2 x 10 11 IU (2.2 - 3 x 1

0

1

2

/kg body weight -

approximately 1 00 times the proposed maximum human dose) of Ad2/CFTR-2 to the whole lung through a

bronchoscope. No treatment-related adverse reactions were observed in either monkey, and the lungs of the animals

were judged as normal by HRCT.
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A 6 x 10 11 IU dose of Ad2/CFTR-2 (approximately 4.8 x 10 13 particles; approximately 10 13 particles/kg body weight)

was instilled into the lung of one of the monkeys through a bronchoscope. This dose is nearly 400 times higher than the

proposed human dose range. This was the seventh dose of an Ad2-based vector (3 doses of Ad2/CFTR-1 and 4

doses of Ad2/CFTR-2) administered to the animal. One day later, the animal had tachypnea and hypoxemia and high

resolution chest CT revealed diffuse ground-glass infiltrates in the left lung with some air bronchograms suggestive of a

diffuse pneumonitis. On the 5^ day after vector administration the monkey was lethargic, its mucosal membranes were

dry, and it was hypothermic. Despite the administration of resuscitative fluids and O2 ,
the animal died.

At necropsy there were areas of discoloration noted in the left lung. On microscopic examination chronic inflammation

was observed in large areas of the lung, while other regions had no apparent or minimal involvement. Importantly, the

lungs showed evidence of healing in the damaged areas at the time of death. The independent pathologist doubted that

the pathologically significant pulmonary disease was adequate to cause death. Congestion and edema were also

observed in several organs suggesting heart failure and there was multifocal infarction of the adrenal gland.

Another Rhesus monkey (that had previously received 1 intranasal and 1 whole lung exposure to Ad2/CMVB-Gal) was

instilled with approximately 1 .4 x 10 11 IU (approximately 1.1 x 10 13 particles; approximately 1.1 x 10 12/kg body weight)

of the same preparation of Ad2/CFTR-2 to the whole lung. This monkey experienced no treatment-related adverse

reactions, and the lungs of this animal were normal as judged by HRCT.

Based on extensive studies in which primates and rodents have been treated with doses of adenovirus vectors several

logs greater than our maximum proposed human dose, we conclude that very high doses of Ad2/CFTR-2 can induce

lung inflammation. The monkey death may be an indication of the maximum tolerated dose of an adenovirus vector in

Rhesus monkeys.

Genzyme believes that our current, and proposed, Ad2/CFTR-2 clinical protocols will expose the participants to little

risk. Specifically, the doses of Ad2/CFTR-2 in these clinical studies are much lower than those used in the animal

studies. The first human nasal dose is approximately 5 logs lower than the dose given the monkey that died on a per kg

body weight basis while the maximum human dose of 10 10
is approximately 400 fold less than the dose given the

monkey on a per kg body weight basis.

Preclinical Aerosol Studies: For our initial studies in the lung of humans, we will be evaluating the aerosol delivery of

Ad2/CFTR-2. Therefore, we are testing the safety and efficacy of single and repeat aerosol administration of

Ad2/CFTR-2 and Ad2/CMV(3-gal in the lungs of cotton rats, mice and Rhesus monkeys. The objective of the first 2

studies was to determine the safety of a single aerosol dose of Ad2/CFTR-2 to the lungs of cotton rats and mice. An

additional aerosol study was conducted to evaluate the amount and distribution of aerosolized Ad2/CMVB-gal virus to

cotton rats and mice (C57 BL/6 mice and BALB/c mice). Together these studies demonstrate that vector can be

aerosolized effectively into the lungs of rodents, that the levels of expression are equal to or greater than other routes of

administration and that the aerosol route of administration may possibly be safer.

Finally, a study was conducted to assess the safety of aerosolized Ad2/CFTR-2 in the lungs of Rhesus monkeys

exposed to a dose of 5 x 10 10 IU which is twice the proposed human dose. As a preliminary experiment, we

aerosolized 2 doses of Ad2/CMVB-gal virus. Each dose (5x1

0

9 IU and 5x1

0

10 IU) was aerosolized into the lungs of 1

monkey which was analyzed 3 day post-exposure. In these monkey studies we demonstrated that vector could be

effectively aerosolized into the lungs of a nonhuman primate. At the highest dose tested there was some mild

inflammation produced in the lungs of these monkeys, but none was seen at doses comparable to those planned

clinically in humans.

Additional information on the in vivo studies which investigated the safety of Ad2/CFTR-2 and the efficacy of adenovirus

vectors is presented in Appendix 1 of this application.

Clinical Studies of Ad2/CFTR-2 (ORDA Protocol #9312-0671 : Adenovirus may be a good vector system for transfer of

CFTR cDNA to correct the CF pulmonary defect. However, use of adenovirus vectors as a treatment for CF lung

disease will require repeat administrations. Moreover, the use, and further development of adenoviral vectors requires

some demonstration of clinical efficacy in CF airway epithelia involved by the disease.
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In addition to Ad2/CFTR-2 administration to the nasal airway, another alternative to the lung for evaluation of the limited

clinical efficacy of Ad2/CFTR-2 is the maxillary sinus, which provides a model system of substantial utility. The upper

airways of the nose and sinuses are almost universally involved in CF. Chronic colonization of the paranasal sinuses

with Pseudomonas and other organisms may contribute to CF lung disease.

Use of the sinus epithelium provides several safety advantages: a) relatively small total amount of virus is applied to a

limited area; b) accessibility and less invasive assessment; and c) less severe consequence if problems occur. Testing

clinical efficacy limited to the maxillary sinus has the advantage that the tests to assess function (sinus CT and cell

counts and inflammatory mediators in sinus washes) may be more sensitive and are less invasive than those required

to test clinical efficacy in the lung.

The clinical study utilizing Ad2/CFTR-2 (ORDA #9312-067) has been initiated by Drs. Michael Welsh of the University of

Iowa and Bonnie Ramsey of the University of Washington. Part A of this study examines the effect of repeat

administration of progressively increasing doses of Ad2/CFTR-2 to the nasal epithelium to determine if there is an

adverse systemic, immune, inflammatory or respiratory response. Evidence of the biochemical efficacy after repeated

administrations of Ad2/CFTR-2 is also being assessed.

The safety and limited clinical efficacy of multiple progressively increasing doses of Ad2/CFTR-2 in correcting the upper

airway epithelial disease observed in the maxillary sinus is being evaluated in Part B. Patients are closely monitored for

evidence of an adverse systemic, immune, inflammatory or respiratory response. The effect of repeat administration on

clinical efficacy limited to the sinus is being assessed using computed tomography scans as well as cellular and

biochemical measures of efficacy. The data on clinical efficacy, though limited, will assess the balance between

efficacy in correcting the biochemical defect and any potential adverse effects associated with vector administration.

The study involving nasal and sinus application is a non-randomized, non-blinded evaluation of repeat administration of

recombinant Ad2/CFTR-2. We plan to enroll up to ten clinically stable patients with cystic fibrosis of mild to moderate

severity in each Part of the study (A and B).

Each nasal/sinus study participant is undergoing 2 pretreatment evaluations on days -21 and -7 to ensure that they are

clinically stable. In Part B, maxillary sinus patients are then treated for 7 days with antibiotics and sinus lavage prior to

the initial administration of Ad2/CFTR-2. Each participant in Part A receives the same progressively increasing doses

of Ad2/CFTR-2. Patients in Part A will receive up to 6 administrations of doses ranging from 2 x 107 to 1 x 1010 IU.

Patients in Part B will receive 1 dose of 5 x 10 8 IU followed by up to 6 doses of 2.5 x 10 9 IU. Nasal/sinus patients are

being enrolled and receiving treatment in a staggered manner.

In Part A of the nasal/sinus study Ad2/CFTR-2 is being administered to one nasal cavity and saline to the other. In Part

B, one maxillary sinus is being treated with Ad2/CFTR-2 and the other with saline. In Part B, a blinded review of the CT
scans of the maxillary sinuses will be performed, using the saline-treated contralateral maxillary sinus as a control.

To date, Part A, of the nasal/sinus study has commenced. Two patients have received 4 administrations of Ad2/CFTR-

2 (2 x 10 7
, 2 x 1

0

8
, 2 x 109 and 6.6 x 109 IU) and two additional patients have received a 2 x 10 7 IU dose to the nasal

epithelium with no study drug-related adverse effects. Evidence of transient restoration of CFTR channel activity has

also been obtained in the first 2 patients. We anticipate that Part B will begin soon.

ORDA Protocol #9409-091: Safety of Single Administration to the Luna

Our approved lobar protocol is scheduled to begin before this proposed aerosolized protocol. In the lobar protocol we

intend to study 8 groups of 3 patients each at the same dose levels as the proposed aerosol protocol.

Rationale for Design of Proposed Lower Airway Study

The target tissue for effective CFTR gene transfer is the airway epithelium within the lung of CF patients. Our preclinical

and clinical data suggest that adenovirus is an effective vector system for transfer of CFTR cDNA to correct the CF

pulmonary defect in the target tissue and appears to be safe in animal models at doses believed to be relevant for

human treatment on a weight basis. These data indicate that the use of adenovirus vectors as a treatment for CF lung
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disease will require repeat administration. Furthermore, the use and further development of adenoviral vectors will

require demonstration of safety and clinical efficacy in CF lung airway epithelia involved by the disease.

Therefore, Genzyme has decided to initiate clinical studies to examine the safety of a single administration of

Ad2/CFTR-2 to the lung. Genzyme feels justified in taking this step because there was no evidence of viral replication

or virus associated adverse effects, even at the highest doses tested, with the Ad2/CFTR-1 vector which we have

administered to the nasal epithelium in the clinic. Furthermore, the doses of Ad2/CFTR-2 aerosolized to the lung will

have been previously administered by bronchoscope to a lobe of the lung.

To proceed safely and slowly, we have staggered the administration of each aerosolized dose being evaluated in the

study with the doses of the concurrent lobar protocol. Each study dose will first have been administered locally to a lobe

via bronchoscopy. Only after a 2 month observation indicates that it is safe to treat additional patients, will this study

proceed with aerosolized administration of this same dose to the lung. The first 2 doses (8 x 10 6 and 2.5 x 10 7 IU) will

be administered via bronchoscopy before proceeding with aerosol delivery of the first dose.

By the time the first patient in this study will receive Ad2/CFTR-2 aerosolized to the lung, we anticipate that we will have

obtained the following clinical safety data on Ad2/CFTR-2: 1) At least 4 patients will have received 2-5 doses of

Ad2/CFTR-2 in the nasal portion of our nasal/sinus protocol, 2) At least 2 patients will have received dose levels of up

to 1 x 10 10 IU, and 3) Clinical safety data on repeat Ad2/CFTR-2 administration to the maxillary sinus may be available

and 4) Lobar administration of a comparable dose and the next higher dose will have been evaluated for safety.

As illustrated below the MOI (infectious units per cell) range will be lower in this study than in previous studies:

Protocol Vector Description Target Cells MOI Range

CF93-0101 Ad2/CFTR-1 Single Administration Nasal 2 x 106 1-25

CF93-1 101

A

Ad2/CFTR-2 Repeat Administration Nasal 2 x 1

0

7 1-500

CF93-1 101

B

Ad2/CFTR-2 Repeat Administration Sinus 1 xIO8 5-25

CF94-0401 Ad2/CFTR-2 Single Administration Lobar 6x10s .013-42

CF94-1001 Ad2/CFTR-2 Single Aerosol Administration 4 x 109 .002 - 6.6

Thus, on an MOI basis, the dose administrations in this study are in the range of MOI levels which have been used

safely in our studies.

To monitor patients closely for a respiratory inflammatory response, each patient will undergo bronchoscopy 7 days

after Ad2/CFTR-2 treatment, or sooner if clinically indicated, to examine the Ad2/CFTR-2-treated sections of the lung.

Specimens from the brushing will be evaluated for gene expression by RNA template-specific PCR (RS-PCR).

Bronchoalveolar lavage will have been performed in the concurrent lobar protocol as well.

PATIENT POPULATION

Adult patients with mild to moderate CF (NIH Score > 60) will be enrolled in this study. Prior to enrollment, the patient's

pulmonary function will be at least 90% of their historical peak over the previous 12 months. Each patient will be

clinically stable before administration of Ad2/CFTR-2. Specifically, they will not have had a CF exacerbation requiring

hospitalization or evidence of adenoviral shedding for 3 weeks prior to treatment. Patients will also not have had an

upper respiratory infection for 2 weeks prior to treatment. Patients who have participated in previous Ad2/CFTR-1 or

Ad2/CFTR-2 clinical studies are eligible to take part in this study and in future studies.

Inclusion Criteria

a) Patients with a confirmed diagnosis of CF (i.e. CF genotype or 2 positive sweat tests and a clinical status consistent

with CF); b) Patients with cystic fibrosis of mild to moderate severity (NIH Score > 60) c) Patients who are at least 90%

of their peak in pulmonary function achieved within the last 12 months d) Male and female patients who are eighteen

[
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years of age or older, e) Patients who are healthy enough to discontinue Pulmozyme aerosol and/or Tobramycin

therapy for 4 weeks prior to Ad2/CFTR-2 treatment and not resume therapy for 4 weeks after they complete the study,

f) Pregnancy: all subjects must adopt a reliable (greater than 90% effective) form of contraception for at least 1 month

before the study, during the course of the study, and for 1 month following the last administration of Ad2/CFTR-2. g)

Patients who are committed to follow the protocol requirements as evidenced by written informed consent.

Exclusion Criteria

a) Patients who have experienced an exacerbation of their disease requiring hospitalization within 3 weeks prior to

Ad2/CFTR-2 treatment b) Patients who have had an upper respiratory infection (URI) within 2 weeks prior to

Ad2/CFTR-2 treatment c) Patients who have evidence of adenoviral shedding within 3 weeks prior to Ad2/CFTR-2

treatment, d) Patients with a confirmed positive culture of Pseudomonas cepacia or atypical mycobacteria within the

last year, e) Patients who have hypoxemia (i.e. SaC>2 < 90%) f) Patients who have a FEVi < 40% of predicted g)

Patients whose weight for height is < 25 % of predicted norm for their age. h) Patients who have been treated with

systemic or aerosol steroids within 3 months prior to enrollment in the study, i) Patients with a known allergy to

Xylocaine or Pontocaine or a bleeding diathesis,
j) Patients who are pregnant or are unwilling to adopt a reliable form of

contraception k) Patients living with children under the age of 6 years of age in their household. I) Patients with

advanced liver, renal, cardiovascular or neurological disease who, in the opinion of the investigator, may not be healthy

enough to successfully complete all protocol requirements or in whom results may be particularly difficult to assess, m)

Patients with a serious active infectious disease and/or who have tested positive for either hepatitis-B surface antigen or

HIV. n) Patients with a recent history of alcoholism or drug abuse (including tobacco), severe emotional, behavioral or

psychiatric problems who, in the opinion of the investigator would not be able to adequately comply with the

requirements of this study, o) Patients participating in another ongoing investigational drug study.

Study Design

This study is designed as a multicenter, single administration safety study. A total of 16 patients will be enrolled in the

study. Two patients will be assigned to one of 8 groups. Each patient assigned to an individual group will receive the

same dose of Ad2/CFTR-2. Each subsequent group is assigned to receive a one half log increase in the dose of

Ad2/CFTR-2 as follows:

Group IU 1 MOI (Lung)2 MOI (Lobe)

3

1 8x10 6 .002 .013

2 2.5 xIO 7 .007 .042

3 8x10 7 .023 .13

4 2.5 xIO 8 .066 .42

5 8x10 8 .23 1.3

6 2.5 xIO 9 .66 4.2

7 8x10 9 2.3 13

8 2.5 xIO 10 6.6 42

Patients will be enrolled and receive treatment in a staggered manner. Two patients in each group will receive aerosol

administration of Ad2/CFTR-2. In our concurrent lobar study, three patients in each dose group (the dosing is the same

for both studies) will have received lobar administration of Ad2/CFTR-2 via bronchoscopy. Following a 2 month

monitoring period, and after 3 additional patients in the lobar study have received the next higher lobar dose,

aerosolized treatment to the entire lung will begin on the first 2 patients in the first dose group in this study. This feature

and the following intercalated staggered schedule provide additional safety in that the dose to be administered by

1 This assumes the clinical lot will have a particle to IU ratio of 100/1

.

^is assumes the target for aerosol administration is 4 x 10 9 airway cells.

3This assumes that 15% of the total airway is within the right middle lobe.
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aerosol will have been observed after local (lobar) administration for 2 months and the next higher dose will also have
’

been administered to a lobe and observed for 1 month before the actual aerosol administration.

The study will also collect data on the biochemical efficacy of administering aerosolized Ad2/CFTR-2 to the lung. A
brushing will be performed 7 days after Ad2/CFTR-2 administration. Specimens from the brushing will be evaluated for

biochemical efficacy (i.e. gene expression via RS-PCR).

On page 17 there is a protocol flow sheet that sequentially outlines the two study designs and the timing of each dosing

group.

Serious Adverse Event Stopping Rule

In the event that 2 patients develop WHO grade 3 toxicity or if any single patient develops grade 4 toxicity at any given

dose in either of the concurrent long studies, further treatment at that dose or higher will be stopped until such time as

we have evaluated and discussed the adverse events with the Food and Drug Administration.

Study Duration

It is anticipated that the study will take approximately 10 months to complete.

STUDY PROCEDURES

Pretreatment Phase : To insure patient eligibility and clinical stability, participants will enter the study and undergo the

first pretreatment evaluation at least 3 weeks prior to treatment with Ad2/Cn"R-2. They will then be evaluated at the

times indicated on the protocol schematic (shown on page 18).

At the discretion of the investigators, participants may also receive evaluations in addition to those described below

between enrollment and treatment of Ad2/CFTR-2 if there is a significant change in clinical status. These evaluations

will consist of those specified for Pretreatment Evaluation for Day *7.

At a minimum, the patients will be clinically stable prior to Ad2/CFTR-2 treatment as defined in the study eligibility

criteria.

Hospital staff dealing with study patients will not have active respiratory disease.
i

Aerosol Administration of Ad2/CFTR-2 : Aerosolized administration of Ad2/CFTR-2 will be performed utilizing a closed,

jet nebulizer system. Ad2/CFTR-2 will be delivered under a hood, or in some other controlled environment to minimize

the escape of any aerosolized particles. Decontamination of the room where the virus is administered will also be

utilized between patient exposures to minimize the risk of cross contamination of patients from infectious agents which

patients have been exposed to.
i

Genzyme has evaluated 4 commercially available nebulizer systems to be used in the clinical study. These

experiments investigated the particle size distribution of various test particle concentrations. The objective is to

maximize the generation of particles in the 1-3 micron size range. This sized particle is felt to be the optimal size for

delivery to the airway epithelia. These experiments also evaluated the effect of different aerosol flow rates. The effect

different systems have on viral inactivation rate from the impact against the baffle of the system is being investigated

and will be available for calculation of dose prior to the initiation of this study. Based on results to date we will probably

recommend using the Vortran MINIheart system.

Post Treatment Procedures : During the post treatment monitoring phase, at the discretion of the investigator when

clinically indicated, additional evaluations to those specified in the flow sheet such as full physical exams, complete

pulmonary function tests, bacterial cultures and cytology may be conducted during the patient's stay in the hospital or at

a patient visit.

If the patient experiences a significant increase in respiratory symptoms (i.e. coughing, wheezing, dyspnea, hemoptysis

and/or hypoxia, develops a fever or has evidence of leucocytosis) a chest X ray may be performed. If there is the
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radiological appearance of infiltrates, or other evidence of an inflammatory or other adverse effect, a CT scan and/or

bronchoscopy with BAL may be performed earlier than what is described in the study procedures section of this

protocol. At all visits the patient will be queried for the presence of any adverse events and concomitant medication

information will be collected.

Bronchoscopy : Bronchoscopy will be performed on Day 7. Bronchoscopy will be performed under local anesthesia of

the upper and lower airways with topical application of Lidocaine and I.V. sedation, according to the policy and

procedures of each of the participating medical centers. The patient will be NPO for 4-8 hours prior to the

bronchoscopy. The patients will be premedicated with a combination of Demerol, Midazolam, Atropine, and/or Chloral

Hydrate prior to the procedure. Oxygen will be administered throughout the procedure. Topical anesthesia with

Lidocaine 1-2 % will be applied directly to the nose, pharynx and larynx. Anesthesia of the lower airways with Lidocaine

1-2 % will be applied directly through the suction channel. Sedation will be maintained with Midazolam 0.1 -0.2 mg/kg,

slow I.V. infusion.

O2 saturation, heart rate and respiratory rate will be monitored at all times during bronchoscopy using a pulse oximeter.

Each parameter will be recorded every 5 minutes during the procedure. Any abnormalities that occur will be recorded.

The procedure will be stopped at any time at which there is a sustained O 2 desaturation below 85% and/or decrease in

heart rate below 60 and/or apnea. Once the procedure is completed, the patient will be observed for a minimum of 1-2

hours.

Brushing : The brush is inserted through the suction channel to the desired position. The brush is moved back and forth

through the examined area. The brush alone is removed after brushing the initial lobe(s). The brush should be

withdrawn from the final brushing procedure within the bronchoscope. These specimens from each brushing will be

tested to determine the presence of Ad2/CFTR-2. It will involve 4 segments of the lower lobe(s) identified by HRCT and

chest x-ray as having a high probability of receiving delivery of Ad2/CFTR-2.

STUDY VARIABLES

Medical History, Physical Examination & Vital Signs

Purpose : To assess: 1) The patient's medical history, 2) The patient's general medical condition, 3) Evidence of

patient discomfort, systemic responses, or inflammation.

Methods : Study patients will be queried as to their medical history of various body system specific medical conditions.

At each visit of the study, patients will undergo a complete or limited general physical examination, as designated in the

protocol, and be questioned about discomfort and/or local or systemic manifestations of inflammation. Vital signs will

also be recorded. The presence of clinical symptoms such as headache, local pain and/or bleeding, purulent

rhinorrhea, pharyngitis, conjunctivitis, pneumonia, transient diarrhea and gastroenteritis will be closely monitored.

Systemic symptoms such as fever and/or leucocytosis will be also be closely followed.

CF Symptom Assessment

Purpose : To assess: 1) The patient's CF history, 2) The patient's symptoms of CF, 3) Evidence of patient respiratory

discomfort or inflammation.

Methods : Study patients will be queried as to their CF history including when they were diagnosed, genotype, family

history, most recent hospitalization(s) related to CF and current CF therapy. At each visit of the study, patients will

undergo an evaluation of respiratory, nasal and gastrointestinal: 1) symptoms of CF, 2) symptoms of discomfort and 3)

manifestations of inflammation or other airway obstruction.

Specific attention will be placed on respiratory symptoms such as inflammation, edema, erythema, discharge/exudate,

denudation, chronic cough and/or wheezing, dyspnea, hemoptysis, hypoxia, and/or airway obstruction.

General Safety Laboratory Analysis: Blood and Urine

Purpose : To assess the patient's systemic response to Ad2/CFTR-2 application.
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Methods : Venous blood will be collected by standard venipuncture technique. Blood/serum analysis for a systemic

response will include: complete blood count (including platelets and differential WBC), erythrocyte sedimentation rate,

electrolytes (including Na, K, Cl, and HC0
3 ), and general chemistries (including total protein, albumin, Ca, P0 4 ,

glucose, uric acid, alkaline phosphatase, total bilirubin, AST, LDH, BUN, Cr, and amylase). PT and PTT will also be

evaluated at the times indicated. The hematology assessment will require 5 ml of blood. The chemistry assessment

will require 10 cc of blood. ^
Urinalysis for a systemic response will include: specific gravity, albumin, glucose, acetone, bile, pH, casts/HPF,

RBC/HPF and WBC/HPF.
,

Bacterial Cultures
,

Purpose: To assess the extent of infection of Pseudomonas and other organisms (both aerobic and anaerobic) which

may contribute to CF lung disease.

Methods: Bacterial cultures for Pseudomonas (aeruginosa and cepacia ), Staphylococcus aureus, and other organisms n

(both aerobic and anaerobic) will be conducted on samples from sputum in all study patients. > r

Cytology with Cell Count

Purpose: To determine the presence of an inflammatory response.

Methods: Sputum samples will be collected from all study patients. The cells will be dissociated into 2 mL of

phosphate buffered saline. The cell suspension will be kept on ice until further studies can be performed. Evidence of

an inflammatory response will be assessed by cytological examination of cytospin preparations of the cells using Wright

stain. The cell differential count will be determined for each specimen. Cell morphology and cytopathic effects will be

evaluated using the PAP stain.

Inflammatory Cytokines and Mediators

Purpose: To determine the presence of an inflammatory response.

I

Methods: Sputum samples will be collected from all study patients. An evaluation of inflammatory cytokines and

mediators including IL-1f3, IL-8 and TNF [24, 25] ,
agents associated with inflammatory airway disease in CF, will be

performed by the Genzyme Corporation Immunology Department or the participating hospitals. The utility of measuring

these cytokines in sputum samples from CF patients has been demonstrated. [26]

Assessment for Evidence of any Viral Shedding of Ad2/CFTR-2

Purpose: To determine the presence of Ad2/CFTR-2.

j

Methods: Nasal swab, sputum, urine and stool samples will be collected from all study patients. All samples will be

cultured for Ad2/CFTR-2 on virus-permissive 293 cells. Based on our studies in animals, we expect that live virus could

be present in the initial swabs but then would disappear with time. Our initial studies in humans suggest that

Ad2/CFTR-1 could no longer be detected by culture one day after administration.

If there is viral replication, we expect that after an initial decline, the titer of live virus in the nasal swab would increase.

There will be a determination whether wild-type or recombinant virus is produced by culture on HeLa cells, by restriction
j

enzyme analysis, and by sequencing.

j

Assessment of Evidence of Antibody Development to Ad2/CFTR-2

Purpose: To assess: 1 )
Whether the patient is seropositive for antibody to wild-type adenovirus prior to treatment with

Ad2/CFTR-2; 2) The patient's antibody response to Ad2/CFTR-2.

[558]
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Methods: Venous blood (10 ml) will be collected by standard venipuncture technique. Antibody to wild-type adenovirus

will be determined prior to treatment with Ad2/CFTR-2.. Antibody titers to wild type adenovirus and Ad2/CFTR-2 will be

determined by ELISA. Should the patient exhibit an antibody response to adenovirus, further analysis will be conducted

to determine whether the antibodies are neutralizing antibodies by means of a cell based anti-viral assay. These tests

have been developed and will be performed by the Genzyme Corporation Immunology Department.

RS-PCR

Purpose: To identify mRNA for CFTR and therefore provide biochemical evidence that the cDNA construct introduced

to the cell has expressed the message for the protein synthesis of CFTR.

Methods: RNA template-specific PCR (RS-PCR) is a modification of RT-PCR in which cDNAs containing a unique 5'

nucleotide tag are synthesized from specific mRNAs, and are distinguished from contaminating DNA in a subsequent

PCR by priming from the unique sequence. We are conducting this analysis of the mRNA for CFTR rather than CFTR
itself because of the very limited amount of CFTR found in the cell. The majority of this protein is sequestered in the cell

membrane where it forms a chloride channel. This study will be performed on cells obtained on Day 7 by brushing as a

measure of safety and to ensure that no consistent compromise has occurred due to vector administration.

Pulmonary Function Tests

Purpose: To assess patient's pulmonary function.

Methods: Patients will undergo either complete or limited pulmonary function testing as designated in the protocol.

Complete pulmonary testing will include spirometry, lung volumes (both helium dilution and plethysmographic), single

breath diffusing capacity and pulse oximetry testing. From spirometry, forced expiratory volume in one second (FEV-j

:

% of predicted) and forced vital capacity (FVC: % of predicted) will be obtained. Lung volumes, in particular the residual

volume (RV: % of predicted) and total lung capacity (TLC: % of predicted) will be measured. The single breath diffusing

capacity (DLCO: % of predicted) will also be obtained. Finally, pulse oximetry will be performed to measure the

saturated oxygen levels (Sa02). For visits where limited pulmonary testing is required spirometry and pulse oximetry

parameter data will be obtained. All tests will be performed using the standard procedures of the Pulmonary Function

Laboratory at participating hospitals.

Chest X-Ray

Purpose: To assess: 1. The patient's pulmonary disease. 2. Radiological evidence of inflammation (including

infiltrates) or an adverse effect.

Methods: PA and lateral X-ray of the chest will be performed in the Department of Radiology at participating hospitals

using their standard procedures. The chest X-rays will be evaluated for the radiological appearance of infiltrates and

bleeding, other evidence of an inflammatory response or other evidence of an adverse effect.

High Resolution Low Voltage Thin Section Computed Tomography of the Chest

Purpose: To assess: 1. The patient's pulmonary disease. 2. Radiological evidence of inflammation (including

infiltrates) or an adverse effect.

Methods: High resolution, low voltage, thin section computed tomography of the chest (HRCT) will be performed in the

Department of Radiology at participating hospitals. Each CT scan will be obtained with a 9800 scanner with the

patient's lungs suspended in deep inspiration. Sections 1.5 mM thick will be obtained at 10 mM intervals and will be

reconstructed with a bone algorithm. All patients will undergo low voltage imaging to reduce the overall radiation dose

and minimize radiation to the thyroid gland. The patient's mediastinum and lungs will be imaged in a manner consistent

with low voltage technique. The thin section HRCT will be evaluated for the radiological appearance of infiltrates and

bleeding, other evidence of an inflammatory response or other evidence of an adverse effect.
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RISK ASSESSMENT

The risks associated with somatic cell gene transfer using the Ad2/CFTR-2 gene construct in humans are unknown.

However, we now have experience with administration of the related Ad2/CFTR-1 construct to humans. The data

suggest that there was no viral replication nor any adverse symptoms or findings that could be attributed to the

recombinant virus. Others have reported lung inflammation in baboons following administration of adenovirus vector

[27], In addition, an adverse reaction to bronchoscopic administration of an adenovirus vector to the lung of one CF
patient has been reported [28]. This reaction consisted of fever, dyspnea and a pulmonary infiltrate. The symptoms
were reported to be not severe and have resolved without sequelae.

Inflammation and Immune Response

It is possible that inflammation, either bronchial or parenchymal could occur as a result of an immune response to the

recombinant virus. Local cytopathic effects on the respiratory epithelium are also possible. Inflammation or cytopathic

effects may manifest with cough, fever, chest pain, hemoptysis, and increased phlegm production. However, serious

effects appear very unlikely.

Virus Replication

The Ad2/CFTR-2 viral construct has been rendered defective for replication by deletion of two important early genes,

El a and El b. The majority of the E4 region has also been deleted. However, it is possible that the virus will have a

limited ability to replicate in human cells. Furthermore, under certain circumstances, the viral defect could be

complemented. Such circumstances include coinfection with wild-type adenovirus or provision of El gene function by

latent or residual adenovirus resulting from an earlier infection. Finally, epithelial cells might also provide normal

proteins with El -like functions that are able to complement the defective virus.

Most of these possibilities seem remote. The likelihood of coinfection of treated cells with wild-type virus is minimized

by prior screening of the patients. Moreover, in the unlikely event that coinfection with wild type adenovirus did occur,

Ad2/CFTR-2 is missing much of the E4 region and is unlikely to compete with wild-type virus. Thus, a wild-type

infection would probably become self-limiting.

Environmental Risks

There is a risk that the virus could be passed to another person. This could occur if a caregiver or visitor is exposed to

the virus we apply to the patient or exposed to virus that has replicated in the patient. As described immediately above,

replication of Ad2/CFTR-2 in the patient is very unlikely. To minimize the risk of exposure to persons other than the

participant, the patient will be kept in isolation for 1 day after vector administration and in the hospital for 3 days. Were

environmental release to occur, the most likely virus involved would be wild-type adenovirus that had overgrown

Ad2/CFTR-2 or a recombinant with no biological activity other than that associated with wild-type virus. The closed jet

nebulizer system will utilize a filter to outflow and will be done within a hood or other device to minimize any

environmental risk related to aerosolization of the vector. Decontamination using standard chemical agents will be

performed on exposed environmental surfaces following aerosolization.

Effects of Wild-type Adenovirus 2 Infection

Potential effects of wild-type adenovirus 2 include symptoms of upper respiratory infection. Pharyngitis and

conjunctivitis are known to be associated with adenovirus. Strains of adenovirus other than adenovirus 2 have been

known to cause pneumonia, transient diarrhea and gastroenteritis. Rare problems associated with adenoviral strains

include cystitis and keratoconjunctivitis. Such problems may be hazardous in immunocompromised hosts. The

possible role of adenovirus in oncogenesis has been under investigation with no evidence to suggest a role for

adenovirus in human oncogenesis.

[
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Risks Associated with Administration of Ad2/CFTR-2 to the Pulmonary Airways

The risks of administration of Ad2/CFTR-2 to the pulmonary airway itself are at present unknown. Inflammation in the

lung has been observed in some animals exposed to doses greater than those proposed in the current study when

considered per body weight. As discussed previously, at least 1 patient with CF experienced fever, dyspnea, and was

noted to have a pulmonary infiltrate after exposure to adenovirus vector for CFTR by another researcher. This adverse

experience involved a different investigator and a different adenovirus vector (adenovirus 5). An inflammatory response

to Ad2/CFTR-2 in the lung or bronchial airway may produce an exacerbation of the patient’s symptoms of cystic fibrosis,

including cough, dyspnea, fever, chest pain, or hemoptysis. It is possible that a subsequent increase in fibrotic change

could result if significant inflammation were to occur. In the unlikely event that reproduction of the virus were to occur as

a result of complementation or recombination then it is possible that a pneumonia could result.

These risks will be minimized by beginning lung exposure with small doses of the vector which have been previously

tested in the nose and sinus. Furthermore, the risk will be reduced by not administering aerosolized vector until after 3

patients have received lobar administration of a comparable dose in the concurrent lobar protocol without adverse

effect. If inflammation or cytopathic change were to develop it should be localized to the treated lobe preserving the

majority of lung function. Only after 2 months of observation of the effect of the dose in a lobe of the lung will the same

dose be administered via aerosol to the entire lung of other patients. Again risk is minimized, as the dose will be

administered to a much greater number of cells and surface area in these subsequent patients such that the infectious

dose per cell will be much less. A major feature that reduces risk in the study is the intercalated staggered dosing

schedule using only half log increases in dose and verifying safety of one administered dose to one lobe in the lobar

protocol prior to aerosolization of the next dose. Risk is minimized again by administration of only 1 dose of the virus to

any patient and subsequent close monitoring of the patient. Restriction of the study population to patients with mild to

moderate disease and optimization of lung function to within 10% of the patients' best function prior to treatment will

further reduce risk.

The administration of the virus to pulmonary airways is necessary for gene therapy for cystic fibrosis to be effective.

Aerosolization offers the advantages of ease of administration without the risks and discomforts associated with

bronchoscopic administration. Bronchoscopic administration requires pre-medication with sedative agents and

application of a topical anesthetic. The procedure may produce fever, dyspnea, cough, transient hypoxemia and

hemoptysis. Patients often experience anxiety, chest discomfort, severe coughing bouts during the procedure and a

residual sore throat following the procedure - all factors which make repetitive dosing via bronchoscopy less practical

and potentially less safe than aerosolized therapy. Although aerosolization exposes the entire lung to the risk of

adverse events, prior experience with Ad2/CFTR-2 and the additional experience to be gained prior to commencement

of this protocol (nasal administration, sinus administration, and lobar administration at higher doses than will be

delivered via aerosol) should minimize the risk.

Risks Associated with Procedures

Bronchoscopy : As noted above bronchoscopy entails some risk including cough, hypoxemia, hemoptysis, dyspnea and

fever associated with the actual instrumentation. To minimize discomfort the patient is sedated and local anesthesia is

applied. The sedation may cause respiratory depression and allergic reactions may occur with local anesthesia.

Pneumothorax is a rare but recognized complication of bronchoscopy. Topical anesthesia of the upper airway and

sedation increase the risk of aspiration.

Low voltage high resolution chest computed tomography. High resolution chest CT carries the risk of radiation

exposure; we anticipate that a subject will have 3 chest low voltage HRCT scans during the course of the study. Using

chosen “cuts” and low voltage, this procedure will expose the patient to less than 1 rad of radiation. The adverse effects

of this amount of radiation are considered to be minimal, however the long term effects of such radiation are not known

with certainty.
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Chest Radiography : A single PA and lateral view of the chest will be obtained as baseline for each patient. Although

there are no known adverse effects of this amount of radiation, the long term effects of such radiation are not known
with certainty.

Pulmonary Function Tests : These tests are routine on outpatients with a variety of lung diseases including CF. No
short or long term risks are anticipated

Venipuncture : Venipuncture to obtain blood samples produces minimal risks that are well known.

Potential Benefits

It is very unlikely that participation will directly benefit the patient. If correction of the genetic defect of CF were to occur,

the effect would likely be transient and in the case of lobar administration limited to the lobe exposed. The primary

benefit will be the information obtained from this study regarding the safety of gene transfer by recombinant adenovirus

in the lung. Such information is critical for further development of gene transfer for CF lung disease and a prerequisite

to any studies using a repeat aerosolized dose.

Risk Analysis

The overall risks to the patient appear to be justified in view of previous preclinical and clinical data, study design and

patient population, and the use of a viral/gene construct which is defective in its ability to replicate and which, even in

wild-type form, is known to produce relatively mild disease in humans.

ADVERSE EVENT MONITORING & REPORTING

Patients will be closely monitored by the investigator(s) responsible for their care during their participation in this study.

The clinical significance of adverse events will be determined by the investigator and medical intervention will be

initiated if required. Adverse events will be reported to Genzyme, the FDA, and the IRB as required by Good Clinical

Practices. Adverse events will be reported to the ORDA as required by NIH guidelines.

I
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PROTOCOL FLOW CHART - This chart illustrates our proposed aerosolization protocol as well as the

concurrent lobar protocol which is shown in the shaded boxes.

Protocol/Dose

1994 1995

IU
1 Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct

Lobar/1 8x10® PE •: ,FE;|

Aerosol/1 8x10® PE n=2 FE

Lobar/2
-V:. 1

2.5x10? PE n=3 FE

Aerosol/2 2.5 xIO 7 PE n=2 FE

Lobar/3 8x10 7 PE n=3 FE

Aerosol/3 8x10 7 PE n=2 FE

w\i.

Aerosol/4

25x10® ,
»*

l :;-PE:iv,n=3^,TEv;

2.5x10® PE n=2 FE

Lobar/5 8x10® PE n=3 FE

Aerosol/5 8x10® PE n=2 FE

Lobar/6
.

2.5 xIO 9 PE n=3 FE
IS i & *M , £2 j

2.5x10 9 PE n=2 FEAerosol/6

Aerosoi/7

8x10® PE n=3 FE

8x10 9 PE n=2 FE

Lobar/8 25x10 10 PE n=3 FE

Aerosol/8 2.5 x 10 10 PE n=2 FE

PE = Pre-treatment evaluations FE = Post-treatment follow up evaluations

"•This assumes the clinical lot has a particle to IU ratio of 100/1

.
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PROTOCOL SCHEMATIC

Day relative to virus administration:

Pre-trea

Outpatier

-21

tment

it Days
-7

li

1

Viral

ipatier

2

Udmin

it Days

3

stratic

4

n & K

Oi

7

Ionite

jtpati

14

>ring

ent Da

21

ys

28

History • • •

Physical exam • • •

Limited Hx & Px • • • • • • •

Laboratory Analyses: Blood samples

CBC • •

Clinical chemistry • • • • • • t • t •

PT/PTT • • • • •

Antibody to adenovirus •

Antibody to CFTR • • • •
j

CF Genotype •

Urinalysis • • • • • • • • • •

Ad2/CFTR-2 cultures on 293 and HeLa

cells

Sputum • • • • • • • • • • i

Nasal swab • • • • • t • • • t

Stool • • • • • • • • • •

Urine • • • • • • • • • •

Bacterial cultures

Sputum • • • •

Cytology & cell count

Sputum • • • •

Cytokines

Sputum • • • • • •

Pulmonary Function Tests

Complete • • •

Spirometry and Oximetry • • • • •

Chest CT Scan

High Resolution Thin Cut • • •
|

Chest X Ray

PA and Lateral •

Virus administration (aerosolized to the

lung)

•

Bronchoscopy (with Brushing) •

RS-PCR on cells from Brushing •

\
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Version 3.5

PROJECT TITLE: Adenovi rus -mediated gene transfer for
Cystic Fibrosis: Safety of administration
to the lung.
II. Aerosol Administration

PRINCIPAL INVESTIGATOR: Henry L. Dorkin, M.D.
CO- INVESTIGATOR

:

Joseph Oren, M.D.

PURPOSE

During the course of treatment for your disease, you have learned
that cystic fibrosis is a serious genetic disease that causes the
airways of the lung to fill, with thick mucus. This situation
leads to frequent infection's which in turn cause destructive
changes in the lung and increasing problems with breathing.

We now know that the underlying defect in CF is a mutation in a
gene that is responsible for producing a protein called the
cystic fibrosis transmembrane conductance regulator, or CFTR.
This protein regulates salt and fluid balance in the airways of
the lungs; when the protein is not normal, excessive thick mucus
is produced. Although antibiotics and chest physical therapy
help control infection and clear secretions, no treatment is yet
available to correct the underlying defect. Thus, despite all
efforts, the disease in the lung usually worsens over time.

The purpose of this study is not to provide a cure or permanent
treatment for participants at this time, but to study new
approaches which may eventually lead to better treatment for lung
disease in CF patients. This study will examine the safety and
possibility of correcting t:ie basic genetic defect by replacing
the defective CFTR gene in the cells of your airway with a normal
CFTR gene

.

STUDY DESIGN AND SAFETY FACTORS

In this study, the normal gene that produces the CFTR protein
will be transferred to the cells of your airway by a virus which
has been altered so that it cannot reproduce normally. The
virus, known as adenovirus 2, is a common virus that is found in
human airways and in its natural state most often produces a
cold. The changes in this virus limit, but do not eliminate, its
ability to reproduce, spread, and cause disease. The modified
virus containing the normal CFTR gene is called Ad2/CFTR-2, and
is prepared at Genzyme Corporation in Framingham, Massachusetts.
Ad2/CFTR-2 has been shown to be able to enter the cells that form
the lining of the airway and deposit the gene so that normal CFTR
is produced by the cell. Ad2/CFTR-2 is an investigational agent
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which the U.S. Food and Drug Administration has allowed to be
used only in research with a limited number of adults.

Ad2 /CFTR-2 was well tolerated in preliminary studies of nasal
administration in eight adults with CF. In some patients the
gene transfer temporarily corrected the genetic defect in the
nose tissue at the site of application. The purpose of the
current study is to investigate the safety of administering
Ad2 /CFTR-2 to the lung. You».will receive only one dose of
Ad2 /CFTR-2. If gene transfer does occur, we would expect the
effect to be temporary and to not produce any improvement in your
CF.

We will enroll a total of 40 patients who will be divided into 8
groups. There will be 5 patients in each group, all of whom will
receive the same dose of Ad2/CFTF.-2. The first 3 patients in
each group will receive Ad2 /CFTR-2 through a bronchoscope, which
is described below. The next two patients in the group will
receive Ad2 /CFTR-2 by aerosol. The first group will start at a
low dose and each subsequent group will receive a slightly higher
dose, as long as no patient: develops a significant reaction to
Ad2/CFTR-2. As a safety precaution, patients receiving aerosol
administration will not receive their dose until 3 patients have
safely received the same dose and 3 patients have safely received
the next higher dose via bronchoscopy

.

This study will take twelve months to complete and will require
four days hospitalization, plus twelve or more follow-up visits
to the physician.

You are being invited to participate in this research because you
have CF and because your lung disease is of mild to moderate
severity. However it is important for you to realize that it is
unlikely that you will benefit directly from this study as it is
expected that any correction of the CFTR gene defect will be
temporary and not produce any improvement in your CF.

PROCEDURES

Screen i nc / Enrol lmenr.

Please note that the procedures outlined in this section are
described in detail in the following section.
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If you agree to participate in the study, 3 weeks prior to the
administration of Ad2/CFTR-2 you will come to the hospital for an
extensive screening evaluation. You should expect to spend three
to four hours at this visit. At that time your physician will
review your medical history, perform a complete physical
examination, and obtain a full set of pulmonary function tests,
which you have previously performed as part of your routine care.
Blood will be drawn from your vein (a total of approximately 60
cc or 1/4 cup) for multiple studies. These studies will include
a test to determine whether or not you have immunity to
adenovirus, so that we will know if you have ever been exposed to
the common, naturally occurring adenovirus. The presence of
antibody to the adenovirus provides an additional measure of
safety should you develop a reaction to the adenovirus. We will
also determine the specific gene for cystic fibrosis which you
carry in your chromosomes from a blood sample. By collecting
specimens of nasal secretions, stool, and urine, we will
determine whether you currently have a natural type of adenovirus
in your body, which could make administration of Ad2/CFTR-2
unsafe. If you are a female of child bearing potential, a

pregnancy test will also be done.

One week prior to application of Ad2/CFTR-2, a physical
examination will be performed, and blood tests, cultures, a
limited set of pulmonary function tests, and a chest x-ray will
be obtained.

Hospital Admission/Administration of Ad2/CFTR-2

If you are eligible for participation in the study you will be
admitted to the hospital for 4 days. On the first day, a

physical examination will be performed, and blood tests,
cultures, pulmonary function tests, and a limited chest CT scan
will be obtained. Later that day, Ad2/CFTR-2 will be
administered to you in an aerosol that you will breathe into your
lungs. Since the risks of delivering Ad2/CFTR-2 by aerosol are
currently unknown, the aerosol will be delivered to you inside a

canopy to prevent spread of the virus. We will also ask that you
wear a gown, gloves, and protective eye wear while receiving the
aerosol

.

After application of Ad2/CFTR-2 you will be required to be in
respiratory isolation for 24 hours from the time of

[
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administration. We wish tc keep you in isolation so that no one
else will be exposed to the virus. This means that you will be
confined to a hospital room and visitors will be required to wear
protective masks, gloves and gowns. Because of the unknown risk
of the virus to a fetus, women who are pregnant will not be
allowed to visit you while you are in isolation.

In order to carefully evaluate the safety of Ad2/CFTR-2
administration, the following .studies will be performed during
your hospital stay (these studies are described in detail in the
following section)

:

The physical examination, blood tests, and cultures will be
repeated on the 2nd, 3rd, and 4th hospital days. Pulmonary
function tests will be repeated on the 2nd day, and a limited
chest CT scan will be obtained on the 3rd hospital day. Unless
there are complications you will be released from the hospital
after the examination and testing on the 4th day.

Outpatient Follow-up Procedures

On days 7, 14, 21 and 28 after treatment you will return to the
clinic for a physical examination, blood tests, cultures, and
pulmonary function tests. On day 7 only a bronchoscopy will be
performed, which is described in detail below. Since you will
receive sedative medications: during this procedure, you must have
someone available to drive you home afterward. On day 28 only a
limited chest CT scan will be repeated. To monitor the long term
safety, of application of Ad2/CFTR-2 a history and physical
examination will be .performed on a monthly basis for 6 months (2,

3, 4, 5 and 6 months post -administration) and every 3 months
after (9 and 12 months post-administration) for a total of one
year. Thereafter we will contact you on an annual basis for ten
years to assess your health.

DESCRIPTION OF PROCEDURES

A brief description of each of the studies and associated risks
are as follows:
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1 . Medical History and Physical Examination

The purpose of the history and exam is to establish your
baseline medical condition and then to carefully evaluate for
any changes in your symptoms or examination that might occur
after treatment with Ad2/CFTR-2.

2 . Blood Tests

Drawing blood from a vein has been performed previously as
part of your routine care.

3 . Pulmonary Function Tests

These are breathing tests which you have previously performed
as part of your routine care.

4 . Chest X-Rav and CT Scan of the Chest

We anticipate that each participant will receive a frontal
and side view chest x-ray and up to 3 limited CT scans during
the course of the study. The CT scans will provide more
information about your lung disease than a standard chest x-
ray alone.

5 . Bronchoscopy

The bronchoscope is a f i.exible . tube with a light that allows
us to look inside your lung and obtain samples directly from.
your lung. You may have nothing to eat or drink for 6 to 8

hours before the bronchoscopy. You will receive a mild
sedative intravenously prior to the procedure. You will then
gargle with novocaine to numb the back of your throat. The
bronchoscope is then passed through your nose or mouth into
your lung. Additional novocaine will be delivered to help
prevent you from coughing. The tip of the bronchoscope will
be placed in one section of your lung. A small brush will be
passed through the bronchoscope to carefully retrieve cells
that line the lower airways. The procedure will last about
30-45 minutes and you may feel drowsy for several hours after
it is completed.

[570]
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RISKS ASSOCIATED WITH PROCEDURES

1 . Medical History and Physical Examination

This examination is similar to what you have previously
experienced as part of your routine care and is not
associated with any risks.

2 . Blood Tests

The needle may cause pain, minor bleeding, and a bruise at
the site of the blood draw.

3 . Pulmonary Function Tests

There are no significant associated risks.

4 . Chest X-Rav and CT Scan of the Chest

The radiation exposure from a limited CT scan will be
approximately 1/2 of a routine single CT scan of the chest,
and represents less radiation than that from a chest x-ray.
Although there are no . known . adverse effects from this amount
of radiation, the long term effects are not known with
certainty.

5 . Bronchoscopy

The risks associated with bronchoscopy relate both to the
sedative medications and to the procedure itself. Although
the amount of sedative medication is small, it might decrease
your breathing rate. Your breathing, oxygen saturation,
blood pressure, and heart rate will be closely monitored
during the procedure. Allergic reactions to the novocaine,
which is the same meditation used by dentists to numb the
mouth, may occur but are extremely rare.

The bronchoscopy itself may be uncomfortable and you may
experience some pressure in the nose and throat. Once inside
the lung, the bronchoscope may cause coughing, which can be
partially controlled with additional novocaine, and a small
amount of bleeding. Following the procedure you may develop
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a fever which may last approximately 24 hours. In rare cases
an infection that will require antibiotics may develop.

RISKS ASSOCIATED WITH GENE TRANSFER

The risks associated with gene transfer are largely unknown.
Possible risks are as follows:

1. The virus used to deliver the CF gene to your lung might
cause inflammation and damage to the tissue in the lung.
These problems might produce cough, chest pain, or bleeding.
Since the aerosol will deliver the virus to large areas of
the lung, a significant reaction to the virus, if it were to
occur, might be associated with increased shortness of
breath, cough, phlegm production, and fever. Although the
whole lung will be exposed to the virus, the likelihood of a
severe reaction will be reduced by using a dose of virus that
has been previously delivered safely to one segment of the
lung

.

2. Naturally occurring adenovirus most commonly causes a cold,
sore throat, and red, sore eyes. In rare cases it has caused
pneumonia, diarrhea, and inflammation of the bladder. These
problems are most often caused by different types of
adenovirus than the adenovirus used in this study. The
development of one of these problems is possible if the virus
were to reproduce or if you were to develop a simultaneous
infection with a natural adenovirus. The use of a virus that
has been altered to prevent its reproduction, and the
exclusion of any patients who .

have had a recent viral
infection (e.g. a cold) makes this unlikely.

3. Your immune system may mount a response to the altered virus
which might decrease your response to subsequent treatments
with the virus. The potential significance of such a
response is unknown at this time.

4. You may develop an allergic reaction to the virus. This is
unlikely and has not been seen in the 8 patients treated in
our nasal studies.

5. During the 50 years that adenovirus has been studied there
has been no evidence that it causes cancer. This is because
adenoviruses, unlike some other viruses, do not introduce new

[572]
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genes into the chromosome. However, this also means that any
correction of the genetic defect in you lung will only be
temporary

.

6. We do not know the effects of altered adenovirus on an embryo
or fetus of a pregnant woman; therefore you will not be
allowed to participate if you are pregnant. If you are a
woman, we will do a pregnancy test. All participants, men
and women, will be asked to use a reliable form of
contraception such as barrier methods (condom and diaphragm)
or oral contraceptive pills during this study and for six
months afterward to prevent pregnancy.

PERMISSION FOR AUTOPSY

As described above, we do not believe that administration of
Ad2 /CFTR- 2 will cause a reaction that would cause your death.
However, in the unlikely event of death from any cause during the
course of the study (for example, in a traffic accident), it
could be of vital importance to future patients for us to
determine the effects of Ad2/CFTR-2. Therefore we would ask your
family to grant permission for -an autopsy.

POTENTIAL BENEFITS

Single administration of the normal gene using the modified
adenovirus in this study will provide no long term benefit. The
correction of the genetic defect of CF, if it occurs, is unlikely
to persist for more than 3 to 4 weeks. The primary benefit will
be a better understanding of the possibilities for CFTR gene
transfer with the altered virus. In particular, information
regarding the amount of virus needed and the effects of the virus
on the cells of the airways will be critical for further studies,
which would involve administering the virus to the airways of the
lung to treat the disease on a long-term basis. In terms of
therapy, however, this initial study will not change your cystic
fibrosis symptoms and therefore will not be of immediate benefit
to you.

ALTERNATIVE TREATMENTS

You may elect not to participate in this study and this decision
w'ill not affect your care at the New England Medical Center.
Treatments of cystic fibrosis include: chest physiotherapy,
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antibiotics, nutritional and dietary measures, and ocher agents
which may or may not reduce the thickness of the mucus. Most of
these treatments will also be available to you during and after
the study. Since this study is designed to study gene transfer
safety rather than efficacy, a decision not to participate will
not affect your standard CF care management.

MEDIA ATTENTION

Gene transfer is very interesting to the general public.
Although every effort will be made to maintain your privacy, it
is possible that the news media or other individuals might learn
your identity and spread this information, even if you do not
want this to happen. Media requests will be directed so that
patient confidentiality is maintained.

COSTS

All costs of the study will be the responsibility of the study
sponsor. During the time that you are participating in this
study you will, however, regain susceptible to the problems that
are normally associated with cystic fibrosis, such as infections
of the lungs. If during the course of this study, you should
develop a complication of ycur cystic fibrosis, we would initiate
the appropriate treatment; for example, if you should develop a
pneumonia, we would begin treatment with antibiotics.

WHOM TO CONTACT

If you have questions about this research or problems during the
study you should call Dr. Joseph Oren or Dr. Henry Dorkin, New
England Medical Center, telephone (617) 636-5085, or through the
page operator by calling (617) 636--5114. You will be informed of
any significant new findings discovered during the course of this
study which might influence your continued participation.

RIGHT TO WITHDRAW

Your participation in this study is voluntary. No penalty of
loss of benefits to which you are entitled will occur if you
decide not to participate. After enrollment in the study, you
may discontinue participation at any time before application of
the virus without penalty. Because you will receive a virus for
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which safety data in humans is not yet available, the risks are
not yet fully defined. Therefore, if after having received the
virus, you wish to withdraw from the study, you may do so but we
request that you continue to return to the clinic for evaluation.
If you feel that you are not able to make this commitment, we
recommend that you not enter the study.

In addition. Dr. Oren cr': Dr. Dorkin may terminate your
participation in this study at. .any time they deem appropriate,
after they/he has explained the reasons for doing so and has
helped arrange for your continued care by your physician if that
is appropriate. Reasons that they/he might discontinue your
participation could, for example, include a significant worsening
of your clinical status unrelated to the experimental procedure.

STIPEND

You will be compensated for the time and inconvenience involved
in participating in the research in the amount of $75 for each
day that you spend in the hospital for a maximum of $300. In
addition, we will reimburse you for your travel expenses to and
from the New England Medical Center for each day that you come to
the clinical for an outpatient visit. The rate will be $0.25 per
mile and your parking expenses.

DISCLOSURE

Representatives of the Federal Food and Drug Administration
(FDA), the National Institutes of. Health (NIH) , other regulatory
agencies, and the study sponsor, Genzyme Corporation, may inspect
the records of patients participating in the study, and your
signature will keep your identity confidential, except as
required by law. If information on this study is published, your
identity will not be disclosed.

CONFIDENTIALITY

A record of your participation in this research will be
maintained, but this record will be kept confidential, except as
required by law. You will be assigned a study number and
information v/ill be kept under the number rather than your name.
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PARTICIPANT STATEMENT

I have read this consent form and have discussed with Dr. Joseph
Oren and Dr. Henry Dorkin (or his representative) the procedures
described above. I have been given the opportunity to ask
questions, which have been answered to my satisfaction. I

understand that any questions, that I might have will be answered
verbally or, if I prefer, with a written statement.

I understand that I will be informed of any new findings
developed during the course of this research study.

I understand that participation in this study is voluntary. I

understand that I may choose not to participate. I understand
that if, for any reason, I wish to discontinue participation in
this study at any time, I will be free to do so, and this will
have no effect on my future care or treatment by physicians or
the hospital.

I understand that in the event I suffer injury or illness
directly caused by Ad2/CFTR-2 or by a properly performed study
procedure, and such illness or injury occurs within one month
after administration of the virus, reimbursement will be provided
for the cost of my medical treatment not covered by medical
insurance or by third party or government programs. I understand
that no other form of compensation for such illness or injury
will be provided.

If I have any questions concerning my rights as a research
subject in this study, I may contact the Human Investigation
Review Committee at (617) 636-7512.

I have been fully informed of the above-described study with its
risks and benefits and I hereby consent to the procedures set
forth above. I have received a copy of this consent form.

[576]
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I understand that as a participant in this study my identity and
medical records and data relating to this research study will be
kept confidential, except as required by law, and except for
inspections by the Food and Drug Administration (FDA) which
regulates investigational drug studies and the study sponsor.

Participant Date

I have fully explained to the
nature and purpose of the above described study and the risks
that are involved in its performance. I have answered all
questions to the best of my ability.

Principal Investigator or
Representat ive

Witness Date
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PURPOSE

During the course of treatment for your disease, you have learned
that cystic fibrosis is a serious genetic disease that causes the
airways of the lung to fill with thick mucus. This situation
leads to frequent infections which in turn cause destructive
changes in the lung and increasing problems with breathing.

We now know that the underlying defect in CF is a mutation in a
gene that is responsible for producing a protein called the cystic
fibrosis transmembrane conductance regulator, or CFTR. This
protein regulates salt and fluid balance in the airways of the
lungs; when the protein is not normal, excessive thick mucus is
produced. Although antibiotics and chest physical therapy help
control infection and clear secretions, no treatment is yet
available to correct the underlying defect. Thus, despite all
efforts, the disease in the lung usually worsens over time.

The purpose of this study is not to provide a cure or permanent
treatment for participants at this time, but to study new
approaches which may eventually lead to better treatment for lung
disease in CF patients. This study will examine the safety and
possibility of correcting the basic genetic defect by. replacing
the defective CFTR gene in the cells of your airway with a normal
CFTR gene

.

STUDY DESIGN AND SAFETY FACTORS

In this study, the normal gene that produces the CFTR protein will
be transferred to the cells of your airway by a virus which has
been altered so that it cannot reproduce normally. The virus,
known as adenovirus 2, is a common virus that is found in human
airways and in its natural state most often produces a cold. The
changes in this virus limit, but do not eliminate, its ability to
reproduce, spread, and cause disease. The modified virus
containing the normal CFTR gene is called Ad2/CFTR-2, and is
prepared at Genzyme Corporation in Framingham, Massachusetts.

[
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Ad2 /CFTR-2 has been shown to be able to enter the cells that form
the lining of the airway and deposit the gene so that normal CFTR
is produced by the cell. Ad2/CFTR-2 is an investigational agent
which the U.S. Food and Drug Administration has allowed to be used
only in research with a limited number of adults.

Ad2/CFTR-2 was well tolerated in preliminary studies of nasal
administration in eight adults with CF. In some patients the gene
transfer temporarily corrected the genetic defect in the nose
tissue at the site of application. The purpose of the current
study is to investigate the safety of administering Ad2/CFTR-2 to
the lung. You will receive only one dose of Ad2/CFTR-2. If gene
transfer does occur, we would expect the effect to be temporary
and to not produce any improvement in your CF.

We will enroll a total of 40 patients who will be divided into 8

groups. There will be 5 pattents in each group, all of whom will
receive the same dose of Ad2 /CFTR-2. The first 3 patients in each
group will receive Ad2/CFTR-2 through a bronchoscope, which is
described below. The next two patients in the group will receive
Ad2/CFTR-2 by aerosol. The first group will start at a low dose
and each subsequent group will receive a slightly higher dose, as
long as no patient develops a significant reaction to Ad2/CFTR-2.
As a safety precaution, patients receiving aerosol administration
will not receive their dose until 3 patients have safely received
the same dose and 3 patients have safely received the next higher
dose via bronchoscopy.

This study will take twelve months to complete and will require
four days hospitalization, plus twelve or more follow-up visits to
the physician.

You are being invited to participate in this research because you
have CF and because your lung disease is of mild to moderate
severity. However it is important for you to realize that it is
unlikely that you will benefit directly from this study as it is
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expected that any correction of the CFTR gene defect will be
temporary and not produce any improvement in your CF.

PROCEDURES

Screening /Enrollment

Please note that the procedures outlined in this section are
described in detail in the following section.

If you agree to participate in the study, 3 weeks prior to the
administration of Ad2/CFTR-2 you will come to the hospital for an
extensive screening evaluation. You should expect to spend three
to four hours at this visit. At that time your physician will
review your medical histcry, perform a complete physical
examination, and obtain a full set of pulmonary function tests,
which you have previously performed as part of your routine care.
Blood will be drawn from your vein (a total of approximately 60 cc
or 1/4 cup) for multiple studies. These studies will include a
test to determine whether or not you have immunity to adenovirus,
so that we will know if you have ever been exposed to the common,
naturally occurring adenovirus. The presence of antibody to the
adenovirus provides an additional measure of safety should, you
develop a reaction to the adenovirus. We will also determine the
specific gene for cystic fibrosis which you carry in your
chromosomes from a blood sample. By collecting specimens of nasal
secretions, stool, and urine, we will determine whether you
currently have a natural type of adenovirus in your body, which
could make administration of Ad2/CFTR-2 unsafe. If you are a
female of child bearing potential, a pregnancy test will also be
done

.

One week prior to application of Ad2/CFTR-2, a physical
examination will be performed, and blood tests, cultures, a
limited set of pulmonary function tests, and a chest x-ray will be
obtained

.
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Hospital Admission/Administration of Ad2/CFTR-2

If you are eligible for participation in the study you will be
admitted to the hospital for 4 days. On the first day, a physical
examination will be performed, and blood tests, cultures,
pulmonary function tests, and a limited chest CT scan will be
obtained. Later that day, Ad2/CFTR-2 will be administered to you
in an aerosol that you will breathe into your lungs. Since the
risks of delivering Ad2/CFTR-2 by aerosol are currently unknown,
the aerosol will be delivered to you inside a canopy to prevent
spread of the virus. We will also ask that you wear a gown,
gloves, and protective eye wear while receiving the aerosol.

After application of Ad2/CFTR-2 you will be required to be in
respiratory isolation fcr 24 hours from the time of
administration. We wish to keep you in isolation so that no one
else will be exposed to the virus. This means that you will be
confined to a hospital room and visitors will be required to wear
protective masks, gloves and gowns. Because of the unknown risk
of the virus to a fetus, women who are pregnant will not be
allowed to visit you while you are in isolation.

In order to carefully evaluate the safety of Ad2/CFTR-2
administration, the following studies will be performed during
your hospital stay (these studies are described in detail in the
following section)

:

The physical examination, olood tests, and cultures will be
repeated on the 2nd, 3rd, and 4th hospital days. Pulmonary
function tests will be repeated on the 2nd day, and a limited
chest CT scar, will be obtained on the 3rd hospital day. Unless
there are complications you will be released from the hospital
after the examination and testing on the 4th day.
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Outpatient Follow-up Procedures

On days 7, 14, 21 and 28 after treatment you will return to the
clinic for a physical examination, blood tests, cultures, and
pulmonary function tests. On day 7 only a bronchoscopy will be
performed, which is described in detail below. Since you will
receive sedative medications during this procedure, you must have
someone available to drive you home afterward. On day 28 only a
limited chest CT scan will be repeated. To monitor the long term
safety of application of Ad2/CFTR-2 a history and physical
examination will be performed on a monthly basis for 6 months (2,

3, 4, 5 and 6 months post-administration) and every 3 months after
(9 and 12 months post-administration) for a total of one year.
Thereafter we will contact you on an annual basis for ten years to
assess your health.

DESCRIPTION OF PROCEDURES

A brief description of each of the studies and associated risks
are as follows:

1 . Medical History and Physical Examination

The purpose .of the history and exam is to establish your
baseline medical condition and then to carefully evaluate for
any changes in your symptoms or examination that might occur
after treatment with Ad2/CFTR-2.

2 . Blood Tests

Drawing blood from a vein has been performed previously as part
of your routine care.

3 . Pulmonary Function Tests

These are breathing tests which you have previously performed
as part of your routine care.

[
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4 . Chest X-Ray and CT Scan of the Chest

We anticipate that each participant will receive a frontal and
side view chest x-ray and up to 3 limited CT scans during the
course of the study. The CT scans will provide more
information about your lung disease than a standard chest x-ray
alone

.

5. Bronchoscopy

The bronchoscope is a flexible tube with a light that allows us
to look inside your lung and obtain samples directly from your
lung. You may have nothing to eat or drink for 6 to 8 hours
before the bronchoscopy. You will receive a mild sedative
intravenously prior to the procedure. You will then gargle
with novocaine to numb the back of your throat. The
bronchoscope is then passed through your nose or mouth into
your lung. Additional novocaine will be delivered to help
prevent you from coughing. The tip of the bronchoscope will be
placed in one section of your lung. A small brush will be
passed through the bronchoscope to carefully retrieye cells
that line the lower airways. The procedure will last about 30-
45 minutes and you may feel drowsy for several hours after it
is completed.

RISKS ASSOCIATED WITH PROCEDURES

1 . Medical History and Physical Examination

This examination is similar to what you have previously
experienced as part of your routine care and is not associated
with any risks.

2 . B j,
QQd Tests

The needle may cause pain, minor bleeding, and a bruise at the
site of the blood draw.
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3 . Pulmonary Function Tests

There are no significant associated risks.

4 . Chest X-Rav and CT Scan of the Chest

The radiation exposure from a limited CT scan will be
approximately 1/2 of a routine single CT scan of the chest, and
represents less radiation than that from a chest x-ray.
Although there are no known adverse effects from this amount of
radiation, the long term effects are not known with certainty.

5 . Bronchoscopy

The risks associated with bronchoscopy relate both to the
sedative medications and to the procedure itself. Although the
amount of sedative medication is small, it might decrease your
breathing rate. Your breathing, oxygen saturation, blood
pressure, and heart rate will be closely monitored during the
procedure. Allergic reactions to the novocaine, which is the
same medication used by dentists to numb the mouth, may occur
but are extremely rare.

The bronchoscopy itself may be uncomfortable and you may
experience some pressure in the nose and throat. Once inside
the lung, the bronchoscope may cause coughing, which can be
partially controlled with additional novocaine, and a small
amount of bleeding. Foil awing the procedure you may develop a

fever which may last approximately 24 hours. In rare cases an
infection that will require antibiotics may develop.

RISKS ASSOCIATED WITH_GENE TRANSFER

The risks associated with gene transfer are largely unknown.
Possible risks are as follows:

[
584

]

Recombinant DNA Research, Volume 20



NOU 23 ’94 15=49 FROM GENZYME BIOTHERRP TO 913014969639 PAGE. 025

SHS Approval Scamp Pacient ID Stamp

Massachusetts General Hospital
MEDICAL RESEARCH CONSENT FORM, Page 8

Title of Project: Adenovirus-Mediated Gene Transfer for Cvst-ir

Fibrosis: Safety of Single Lcbar Administration in the Luna

Principal Investigator: Allen Laoev. M.D.

1. The virus used to deliver the CF gene to your lung might cause
inflammation and damage to the tissue in the lung. These
problems might produce cough'/ chest pain, or bleeding. Since
the aerosol will deliver the virus to large areas of the lung,
a significant reaction to the virus, if it were to occur, might
be associated with increased shortness of breath, cough, phlegm
production, and fever. Although the whole lung will be exposed
to the virus, the likelihood of a severe reaction will be
reduced by using a dose of virus that has been previously
delivered safely to one segment of the lung.

2. Naturally occurring adenovirus most commonly causes a cold,
sore throat, and red, sore eyes. In rare cases it has caused
pneumonia, diarrhea, and inflammation of the bladder. These
problems are most often caused by different types of adenovirus
than the adenovirus used in this study. The development of one
of these problems is possible if the virus were to reproduce or
if you were to develop a simultaneous infection with a natural
adenovirus. The use of a virus that has been altered to
prevent its reproduction, and the exclusion of any patients who
have had a recent viral infection (e.g. a cold) makes this
unlikely.

3 . Your immune system may mount a response to the altered virus
which might decrease your response to subsequent treatments
with the virus. The potential significance of such a response
is unknown at this time.

4. You may develop an allergic reaction to the virus. This is
unlikely and has not been seen in the 8 patients treated in our
nasal studies.

5. During the 50 years that adenovirus has been studied there has
been no evidence that it causes cancer. This is because
adenoviruses, unlike some other viruses, do not introduce new
genes into the chromosome. However, this also means that any
correction of the genetic defect in you lung will only be
temporary

.
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6. We do not know the effects of altered adenovirus on an embryo
or fetus of a pregnant woman,- therefore you will not be allowed
to participate if you are pregnant. If you are a woman, we
will do a pregnancy test. All participants, men and women,
will be asked to use a reliable form of contraception such as
barrier methods (condom and diaphragm) or oral contraceptive
pills during this study and for six months afterward to prevent
pregnancy

.

PERMISSION FOR AUTOPSY

As described above, we do not believe that administration of
Ad2/CFTR-2 will cause a reaction that would cause your death.
However, in the unlikely event of death from any cause during the
course of the study (for example, in a traffic accident), it could
be of vital importance to future patients for us to determine the
effects of Ad2/CFTR-2. Therefore we would ask your family to
grant permission for an autopsy.

POTENTIAL BENEFITS

Single administration of the normal gene using the modified
adenovirus in this study will provide no long term benefit. The
correction of the genetic defect of CF, if it occurs, is unlikely
to persist for more than 3 to 4 weeks. The primary benefit will
be a better understanding of the possibilities for CFTR gene
transfer with the altered virus. In particular, information
regarding the amount of virus needed and the effects of the virus
on the cells of the airways will be critical for further studies,
which would involve administering the virus to the airways of the
lung to treat the disease cn a long-term basis. In terms of
therapy, however, this initiitl study will not change your cystic
fibrosis symptoms and therefore will not be of immediate benefit
to you.
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ALTERNATIVES TO PARTICIPANTS

You may elect not to participate in this study and this decision
will not affect your care at the Massachusetts General Hospital.
Treatments of cystic fibrosis include: chest physiotherapy,
antibiotics, nutritional and dietary measures, and other agents
which may or may not reduce the thickness of the mucus. Most of
these treatments will also be available to you during and after
the study. Since this study is designed to study gene transfer
safety rather than efficacy, a decision not to participate will
not affect your standard CF care management.

MEDIA ATTENTION

Gene transfer is very interesting to the general public. Although
every effort will be made to maintain your privacy, it is possible
that the news media or other individuals might learn your identity
and spread this information, even if you do not want this to
happen. Media requests will be directed so that patient
confidentiality is maintained.

COSTS

All procedures performed for this study will be provided free of
charge

.

COMPENSATION

You will be reimbursed $25 for each outpatient visit and $75 for
each inpatient day to cover travel, expenses, and parking fees.

The following paragraphs contain the usual considerations involved
in consenting to' be a subject in a research study and axe required
by the Subcommittee on Human Studies of the Massachusetts General
Hospital on all consent forms.
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USE OF SPECIMENS

I understand that cells, tissue , ..blood, or other specimens removed
from me during the course of this study may be valuable for
scientific, research, or teaching purposes, or for the development
of a new product, which may be distributed commercially. I

authorize Massachusetts General Hospital and members of its
Professional Staff to use my cells, tissue, blood, or other
specimens for these purposes.

CONFIDENTIALITY

I understand that medical information produced by this study will
become part of my hospital record and will be subject to the
confidentiality and privacy regulations of the Massachusetts
General Hospital. Information of a sensitive personal nature will
not be part of the medical record, but will be stored in the
investigator's research file and identified only by a code number.
The code key connecting name to numbers will be kept in a separate
secure location.

If the data is used for publication in the medical literature or
for teaching purposes, no names will be used and other
identifiers, such as photographs, audio video tapes, will be used
only with my special written permission. I understand that I may
see the photographs and videotapes and hear the audio tapes before
giving this permission.

If an investigational drug or device is to be studied, then I

understand that the Food and Drug Administration, other regulatory
agencies, and the industrial sponsor are permitted to have access
to my medical record and to the data produced by the study, for
audit purposes. However, they are required to maintain
confidentiality

.
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REQUEST FOR MORE INFORMATION

I understand that I may ask more ..questions about the study at any
time. Dr. at is
available to answer my questions or concerns. I understand that I

will be informed of any significant new findings discovered during
the course of this study which might influence my continued
participation

.

If during the study, or later, I wish to discuss my participation
in or concerns regarding it with a person not directly involved, I

am aware that the Patient Cc.re Representative (617) 726-3370 is
available to talk with me. A copy of this consent form will be
given to me to keep for careful re-reading.

REFUSAL OR WITHDRAWAL OF PART"CTPATION

I understand that my participation is voluntary and that I may
refuse to participate or may withdraw consent and discontinue
participation in the study at any time without prejudice to my
present or future care at the Massachusetts General Hospital. I

realize that withdrawal after virus administration and
hospitalization is discouraged because careful follov-up is
necessary for my will being. I also understand that Dr.

may terminate my participation in
this study at any time after he/she has explained the reasons for
doing so and has helped arrange for my continued care by my own
physician, if this is appropriate.

INJURY STATEMENT

In the unlikely event I am injured as a direct result of
participation in this study, I understand that, if I report the
injury promptly to Dr. ,

Massachusetts
General Hospital will provide free medical treatment to me for
that injury.
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I have explained to the purpose of
the research, the procedures required, and the possible risks and
the discomforts as well as potential benefits to the best of my
ability

.

Investigator Date

I confirm that has explained to me the
purpose of the research, the study procedures that I will undergo
and the possible risks and discomforts as well as potential
benefits that I may experience. Alternatives to my participation
in the study have also been discussed. I have read and I

understand this consent form. Therefore, I agree to give my
consent to participate as a subject in this research project.

Participant Date

witness to Signatures Date
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SUBJECT ADVOCATE STATEMENT FOR CONSENT FORM

I have discussed the research procedures and the potential risks
and benefits with the subject. I am satisfied that the subject's
consent is based on adequate information and is voluntary.

Subject Advocate Signature Date
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Scientific Abstract
Scientific Abstract

In this study, we will apply the technique of direct gene transfer to enhance immune
response against cancer tumors in vivo. The intent of this proposed immunotherapy for

cancer is to evaluate the clinical response to the expansion of lymphocytes which
respond specifically to tumor antigens.

Patients with advanced cancer who have failed conventional therapy, will undergo a

procedure in which a plasmid DNA/lipid complex will be injected directly into the

tumor mass. The plasmid DNA encodes the human cytokine, Interleukin-2 (IL-2), in a

non-viral plasmid eukaryotic expression vector.

Recombinant IL-2 protein has been approved for cancer immunotherapy in renal cell

carcinoma, and is undergoing advanced clinical evaluation for malignant melanoma.

The proposed study enables production of IL-2 directly in the tumor in order to’recruit

immune cells to the tumor site, cause immunologic recognition of specific tumor

antigens, and thus cause subsequent tumor regression.

Increasing doses of the DNA/lipid complex will be administered to patients with a

variety of solid tumors or lymphomas. If no toxicities are observed, the procedure will

be repeated up to six times. The specific objectives of this study are to: 1) determine

safety and toxicity associated with doses of this DNA /lipid complex; 2) confirm in vivo

expression of IL-2 in tumor cells; 3) determine biological activity and pharmacokinetics

of the treatment; and 4) determine whether expression of IL-2 gene product stimulates

tumor regression, in patients with metastatic malignancies (either solid tumors or

lymphomas). This immunotherapy may provide a potent therapeutic effect in cancer,

based on a novel therapy using a well-characterized cytokine in a potentially toxicity-

free delivery mechanism.
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Non-technical Abstract
Non-Technical Abstract

Many types of cancer are resistant to available medical treatments including drugs,

chemotherapy, surgery and radiation, alone or in combinations. The intent of the

proposed treatment is to evaluate the clinical response to the expansion of lymphocytes

which respond specifically to tumor antigens. In this study, an experimental procedure

will be conducted which will attempt to fight cancer by injecting genetic material, DNA,
directly into solid tumors. The DNA is mixed with lipid to form a complex, and this

complex will be injected into the tumor. DNA will be taken into cells causing them to

produce and secrete a protein that stimulates the immune system. This protein, called

Interleukin-2 (IL-2), causes cells which secrete it to recruit immune cells to the tumor

site, which may lead to tumor reduction or eradication.

The IL-2 protein has been approved for cancer therapy in renal cell carcinoma, and is

undergoing advanced clinical evaluation for treatment of melanoma. The proposed

study targets production of IL-2 directly in the tumor to attract and stimulate th'e

immune response required for tumor regression. In this study, we will attempt to learn

the range of safe and effective doses of the DNA/lipid complex. Increasing amounts of

this complex will be administered in patients with a variety of solid tumors or

lymphomas. If no side effects are observed, the procedure will be repeated up to six

times. This treatment may provide a potent therapeutic effect in cancer, based on a

well-characterized protein in a potentially toxicity-free delivery mechanism.
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1.0 Background and Rationale

Immunotherapy has shown promise as an approach to the treatment of

malignancy. The goal of immunotherapy is to stimulate the immune
system to recognize and kill cancer cells. This is achieved either by
modifying the tumor cells or the host response causing various

lymphocyte populations particularly cytotoxic T lymphocytes, to respond

specifically to tumor cell antigens. In fact, cancers such as melanoma, renal

cell carcinoma and colon adenocarcinoma are responsive to

immunotherapy because the immune system can be induced to recognize

tumor associated and tumor specific antigens in these cells.

In some instances, the immune system appears to contribute to.the

surveillance and destruction of neoplastic cells, either by mobilization of

cellular or humoral immune effectors. Cellular mediators of antitumor

activity include MHC-restricted cytotoxic T cells (CTLs), natural killer

(NK) cells (1, 2) and lymphokine-activated killer (LAK) cells (3). Cytolytic

T cells which infiltrate tumors have been isolated and characterized (4).

These tumor infiltrating lymphocytes (TIL) selectively lyse cells of the

tumor from which they were derived (5, 6). Macrophages can also kill

neoplastic cells through antibody-dependent mechanisms (7, 8), or by

activation induced by substances such as Bacillus Calmette-Gu^rin BCG
(9).

Cytokines can also participate in the antitumor response, either by a direct

action on cell growth or by activating cellular immunity. The cytostatic

effects of tumor necrosis factor-a (TNF-a), interferon a (IFN-a), interferon

y (EFN-y) (10) and lymphotoxin (11) can result in neoplastic cell death.

Interferon-y markedly increases class I and II MHC cell surface expression

(12, 13) and synergizes with TNF- a in producing this effect (14). Colony

stimulating factors such as G-CSF and GM-CSF activate neutrophils and

macrophages to lyse tumor cells directly (15), and Interleukin-2 (IL-2)

actiyates Leu-19+ NK cells to generate lymphokine activated killer cells

(LAK) capable of lysing autologous, syngeneic or allogeneic tumor cells

but not normal cells (3, 16, 17). The LAK cells lyse tumor cells without

preimmunization or MHC restriction (18). Interleukin-4 (IL-4) also

generates LAK cells and acts synergistically with IL-2 in the generation of

tumor specific killer cells (19).

Since most malignancies arise in immunocompetent hosts, it is likely that

tumor cells have evolved mechanisms to escape host defenses, perhaps
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through evolution of successively less immunogenic clones (20). Deficient

expression of class I MHC molecules is one of the factors that limits the

ability of tumor cells to present antigens to cytotoxic T cells. Freshly

isolated cells from naturally occurring tumors frequently lack class I MHC
antigen completely or show decreased expression (21-25). Reduced class I

MHC expression could also facilitate growth of these tumors when
transplanted into syngeneic recipients. Several tumor cell lines which
exhibit low levels of class I MHC proteins become less oncogenic when
expression vectors encoding the relevant class I MHC antigen are

introduced into them (26-30). In some experiments, tumor cells which
express a class I MHC gene confer immunity in naive recipients against

the parental tumor (27-28). The absolute level of class I MHC expression

however, is not the only factor which influences the tumorigenicity or

immunogenicity of tumor cells. In one study, mouse mammary
adenocarcinoma cells, treated with 5-azacytidine and selected for elevated

levels of class I MHC expression did not display altered tumorigenicity

compared to the parent line (31).

The immune response to tumor cells can be stimulated by systemic

administration of IL-2 (32), or IL-2 with LAK cells (33, 34). Clinical trials

using tumor infiltrating lymphocytes are also in progress and responses

have been noted (35). Recently, several studies have examined the tumor

suppressive effect of lymphokine production by genetically altered tumor

cells. The introduction of tumor cells transfected with an IL-2 expression

vector into syngeneic mice stimulated an MHC class I restricted cytolytic

T lymphocyte response which protected against subsequent rechallenge

with the parental tumor cell line (7). Expression of IL-4 by plasmacytoma

or mammary adenocarcinoma cells induced a potent antitumor effect

mediated by infiltration of eosinophils and macrophages (36). These

studies demonstrate that cytokines, expressed at high local concentrations,

are effective antitumor agents.

1.1 Direct Gene Transfer and Modulation of the Immune System

The utilization of catheter-based gene delivery in vivo provided a model

system for the introduction of recombinant gene-specific sites in vivo.

Early studies focused on the demonstration that specific reporter genes

could t^e expressed in vivo (37, 38). Subsequent studies were designed to

determine whether specific biologic responses could be induced at sites of

recombinant gene transfer. To address this question, a highly

immunogenic molecule, a foreign major histocompatibility complex

(MHC), was used to elicit an immune response in the iliofemoral artery

using a porcine model. The human HLA-B7 gene was introduced using
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direct gene transfer with a retroviral vector or DNA lipid complex (39).

With either delivery system, expression of the recombinant HLA-B7 gene

product could be demonstrated at specific sites within the vessel wall.

More importantly, the expression of this foreign histocompatibility

antigen induced an immunologic response at the sites of genetic

modification. This response included a granulomatous mononuclear cell

infiltrate beginning 10 days after introduction of the recombinant gene.

This response resolved by 75 days after gene transfer; however, a specific

cytolytic T cell response against the HLA-B7 molecule was persistent.

This study demonstrated that a specific immunologic response could be

induced by the introduction of a foreign recombinant gene at a specific

site in vivo. Moreover, this provided one of the first indications that direct

gene transfer of specific recombinant genes could elicit an immune
response to the product of that gene in vivo (39).

These studies suggested that the introduction of the appropriate

recombinant genes could be used to stimulate the immune system to

recognize its product in vivo. In addition, this approach provided a

general method for the induction of a specific site in vivo. To determine

whether direct gene transfer might be appropriate for the treatment of

disease, a murine model of malignancy was developed. Direct gene

transfer of an allogeneic histocompatibility complex gene into a murine

tumor elicits an immune response not only to the foreign MHC gene but

also to previously unrecognized tumor-associated antigens. These

immune responses are T cell-dependent, and these tumor-associated

proteins are recognized within the context of the self major

histocompatibility complex. In animals presensitized to a specific MHC
haplotype, direct gene transfer into established tumors could attenuate

tumor growth or, in some cases, lead to complete tumor regression (40).

These studies demonstrate that direct gene transfer of foreign MHC genes

into tumors have potentially therapeutic effects that may be appropriate

for the treatment of malignancy.

In 1993, the first human clinical trial using direct gene transfer was
initiated. Gary J. Nabel, M.D., Ph.D. and colleagues at the University of

Michigan working with a drug produced under controlled conditions by

Vical Incorporated, are investigating a novel molecular genetic

intervention for human malignancy that enhances the immune response

to tumors by in vivo gene transfer. This immunotherapeutic approach

based on the animal model work described above (39, 40) uses a gene

encoding a transplantation antigen, an allogeneic class I major

histocompatibility complex (MHC) antigen, HLA-B7, with (1-2

microglobulin introduced into human tumors in vivo by DNA/lipid
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complex transfection. The direct intratumoral injection approach is used.

Expression of allogeneic MHC antigens on tumor cells stimulates

immunity against both the transfected cells as well as previously

unrecognized antigens present in unmodified tumor cells. The
introduction of an allogeneic MHC gene directly in tumors in vivo has

induced partial tumor regressions, as well as specific cytotoxic T cell

responses to other antigens.

In the initial human trial. Dr. Nabel treated 5 patients with malignant

melanoma. Three patients received 3 treatments, totaling 0.87 pg of DNA
intratumorally, and 3 patients (2 additional patients plus one of the

original 3 patients) received cumulative dose of 2.58 pg of DNA via three

treatments. No toxicity resulted from this form of treatment and no
formation of anti DNA antibody or autoantibody was noted. There was
no plasmid DNA detectable in the blood by PCR following gene transfer

(tested on days 3-7 post transfection at ~2 pg/mL sensitivity).

Evidence of gene transfer was found on biopsy of the injected tumor. The
biopsy samples were analyzed for plasmid DNA, mRNA coding for HLA-
B7 and the expression of HLA-B7 protein. In 4 of the 5 patients, plasmid

DNA and HLA-B7 mRNA were detected within the treated nodules by

PCR. HLA-B7 expression was confirmed in all treated nodules by

immunohistochemical staining with a monoclonal antibody to the gene

product. Two patients, where cell lines were established from the tumor,

showed an immune response by lysing autologous tumor cells. One of the

5 patients had a partial remission which involved both cutaneous and

visceral disease. (41).

These data suggest that tumor cells modified with the HLA-B7 gene not

only stimulate CTLs and potentially other immune system cells to

recognize tumors expressing HLA-B7, but they may also provide a

stimulus to immune cells to eliminate tumor cells at other sites which

express tumor associated antigens in association with the patient's own
HLA antigens.

Based on the positive preliminary results in 5 patients. Dr. Nabel gained

approval from the NIH Recombinant Advisory Committee and allowance

from ti^e FDA for further testing of up to 24 cancer patients. Vical

Incorporated, in January 1994, independently filed an Investigational New
Drug Application with the FDA to expand the full safety assessment and

dosing optimization of the HLA-B7-DMRTE/DOPE, DNA/lipid complex.

The FDA allowed Vical to initiate a Phase I/EE trial at three study sites,

with each site treating 15 patients. The Arizona Cancer Center is testing
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[604]

the drug in patients with malignant melanoma, (Dr. Evan M. Hersh,

Principal Investigator), the University of Chicago is testing the drug in

patients with metastatic renal cell carcinoma, (Dr. Nicholas J. Vogelzang,

Principal Investigator), and the Mayo Clinic is administering the drug to

patients with metastatic colorectal carcinoma, (Dr. Joseph Rubin, Principal

Investigator). The study began in May 1994 and as of June 30, 1994 eight

patients have undergone treatment with a single injection of 10-50 ug of

DNA intratumorally No adverse events attributable to the drug were
observed.

In the VCL 1102 Phase I study proposed in this protocol, Vical intends to

test for safety and dose optimization of the direct gene transfer approach

for delivering the IL-2 gene directly into solid tumors and lymphomas.
High dose parenteral IL-2 therapy is FDA approved as a cancer

immunotherapy, and has shown some promise for treating rertal cell

carcinoma and malignant melanoma, but the serious, often life threatening

side effects of the treatments have prompted investigators to seek

additional methods to rally the immune system to produce tumor specific

killer cells.

2.0 OBJECTIVES

The objectives of this Phase I study include:

To determine in patients with metastatic malignancies the safety, side

effects, toxicity and maximum tolerated dose (MTD) of direct intratumoral

injection of increasing doses of a DNA/lipid mixture:VCL-1102 (IL-2/

DMRIE/DOPE) designed to introduce the IL-2 gene into patients

with solid tumors or lymphomas.

2.2 To confirm in vivo expression of the IL-2 gene in the tumor

cells.

2.3 To determine the biological activity and pharmacokinetics of the

treatment including:

• Intratumoral gene transfection and transcription by PCR
analysis.

• Intratumoral inflammatory or immune response by

immunohistochemistry of tumor biopsies.
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• Systemic immune activation as measured by baseline

peripheral blood mononuclear cell (PBMC) thymidine

incorporation, NK cell activity and CTL activity against

utologous tumor cells.

2.4 To characterize the clinical response to the study drug by serially

assessing the size of the injected tumor and of other tumor

masses that may be present and evaluable.

3.0 STUDY DESIGN

This is a Phase I open-label single-center study in which up to 25 patients

will be enrolled for injections directly into tumor nodules with the lipid-

formulated IL-2 plasmid complex, VCL-1102. Solid tumors and
lymphomas are the tumor types to be evaluated.

Eligible patients will have one or more tumor nodules injected several

times at specified intervals with a specified dose of the study drug (see

Table 1 below). There will be four groups with 5 patients each with an

additional group of 5 patients treated at the MTD dose, or at 300 ug if the

MTD is not reached.

TABLE 1

Dosage

Group
No. of

patients per

group

Dose per

treatment

Total no. of

treatments

per patient

Days

between

treatments

I 5 10 ug 6 7

n 5 30 PS 6 7

m 5 100 pg 6 7

IV 5 300 pg 6 7

V 5 MTD 6 7

Patients will be closely monitored for toxicity for 3-4 hours post injection

then 24 hours and 7 days after the first and second injections. For

injections 3-6, patients will be monitored for 3-4 hours post injection then

7 days post injection as long as they have experienced no toxicity during

the 4 and 24 hour observation periods following injections 1 and 2.
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Schedule for Post-Injection Patient Monitoring

Treatment # 3-4 Hrs 24 Hrs. 7 Days 14 Days

1 X X X —
2 X X X —
3 X — X —
4 X — X —
5 X — X —
6 X — X X

Before each subsequent injection, patients will be evaluated for toxicides

from the prior injection and injected with the next dose only if no Grade 3

or higher toxicity occurs. A tumor sizing will be done at each intramural

injection of the nodule and if the tumor shrinks to a point where it can no

longer be injected, subsequent doses will be administered into different

tumor nodules if any are present.

After the 6th injection, patient follow-up will include evaluations at weeks

8, 12 and 16 weeks. Tumor sizing will be done at each intramural injection

and at the 8 and 16 week post injection visit. After the 16 week visit,

patients will be evaluated a minimum of every 4 months.

If a patient experiences a partial response at 4 weeks after the last injection

of their initial course, he/she may receive an additional course of

treatment identical to the first course of treatment as long as the patient

still meets the eligibility criteria.

The highest dose that does not yield Grade 3 or higher toxicities will be

considered the maximum tolerable dose. An additional 5 patients will be

recruited and tested with the maximum tolerable dose.

4.0 PATIENT ELIGIBILITY

Patients will be carefully selected based on their past medical history and

present status. The Investigator and the patient will make a joint decision

regarding the appropriate treatment with conventional therapy. Patients

will be considered eligible for this study if they have failed conventional

therapy or if conventional therapy is not indicated and they meet the

inclusion criteria listed below in Section 4.1

[606]
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Inclusion Criteria

4.1.1 Histologically confirmed metastasis of malignant disease.

4.1.2 Patients must have at least one metastatic lesion measurable

in two dimensions and at least 1 cm in longest diameter.

4.1.3 Patients must have had either prior standard therapies for

their disease and have become unresponsive to them, or

have made the decision that other therapy would not be

of any major benefit.

4.1.4 Patients must be adults 18 years of age or older.

4.1.5 Patients must have adequate bone marrow reserve: WBC
>3000/mm3, platelets >100,000/mm3 / hemoglobin >9.0

gm %; adequate renal and liver function: creatinine <_2.0,

bilirubin < 2.0 mg/DL, SGOT and SGPT <3X the upper

limit of normal; adequate coagulation: PT and PTT within

normal limits.

4.1.6 Patients must have a baseline Kamofsky Performance

Status (KPS) score of at least 70 (See Appendix II).

4.1.7 Estimated life expectancy of at least 16 weeks.

4.1.8 Patients must be able to render signed informed consent.

4.1.9 Patients must be HIV antibody negative. Hepatitis B

antigen negative and IL-2 antibody negative.

4.1.10 Female patients who have child bearing potential must

use an approved method of contraception and test

negative for pregnancy. Both male and female patients

must use contraception during the course of the study.

4.1.11 Patients must demonstrate immunocompetence by

having a PHA lymphocyte response in the normal range.
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Exclusion Criteria

4.2.1 Patients who are Hepatitis B antigen positive, HIV
antibody positive or IL-2 antibody positive.

4.2.2 Patients with a history of autoimmune disease.

4.2.3 Patients with a history of Hepatitis (acute or chronic

active).

4.2.4 Patients with any active infection requiring parenteral

antibiotics.

4.2.5 Patients with uncontrolled hypertension or New York

Heart Association stage 3 or 4 disease.

4.2.6 Patients receiving radiation, chemotherapy, steroid

therapy within the past 3 weeks or 6 weeks if they have

received BCNU or Mitomycin C.

4.2.7 Patients receiving concurrent anticancer drug therapy, any

immunosuppressive drugs and any other experimental

therapy.

4.2.8 Patients who fail to meet the criteria for immunocompetence

as defined in 4.1.11 above.

4.2.9 Patients with diabetes mellitus who are not controlled by

medical treatment.

4.3.0 Patients with uncontrolled brain metastases.

4.3.1 Patients with pre-diagnosed psychiatric disorders that

would make compliance to the protocol difficult, or

would compromise ability to give informed consent.

5.0 STUDY DRUG

The study drug (VCL-1102) will be supplied as three sterile vials containing (i)

Interleukin-2 plasmid DNA, (ii) DMRIE/DOPE lipid mixture and (iii) normal saline.

All components will be stable for at least eight weeks under recommended storage
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conditions (DNA -20°C, DMRIE/DOPE 4°C). The materials will be supplied by Vical

Inc.

5.1 VCL 1102 (IL-2 Plasmid DNA/DMRIE/DOPE). This study drug is composed of

plasmid DNA coding for IL-2 formulated with the cationic lipid mixture DMRIE/DOPE
(lipid complex formulation). The DNA concentration is 1.0 mg/mL (see Investigator's

brochure for complete details of product characteristics and preparation).

5.2 Normal Saline:

Sterile solution included in the drug formulationkit provided by Vical to the study site.

6.0 STUDY DRUG ADMINISTRATION AND TOXICITIES TO BE
MONITORED

DNA/lipid complexes are prepared immediately prior to administration. DNA is

supplied in 1.0 mg/mL concentration in normal saline solution. Lipid (DMRIE/DOPE)
is supplied as a dry film. Each vial containing DMRIE/DOPE is resconstituted with

normal saline by vortexing until homogenous. The contents of the lipid vial is

transferred into the DNA vial and mixed well be repeated inversion. The amount
injected into each tumor will be based on the algorithm outline below. The doses 10, 30,

100 and 300 jig will be prepared and formulated as dilutions with normal saline. After

injection of the drug and with the needle wtill inplace, the dead space will be flushed

with 0.25 -0.5 ml of normal saline.

Tumor diameter (cm)

1.0

-

1.5

1 .6 - 2.0

2.1 - 3.0

3.1

-

X

Volume of injection (cc)

1.0

2.0

3.0

4.0

Tumor lesions will be selected for treatment if they are accessible to intratumor

administration by direct needle injection. These metastatic lesions will be located at any

accessible site such as skin, nodes, lung, liver, soft tissues etc.. If necessary, the study

drug will be injected
v
with the aid of sonographic or CAT scan visualization of the

metastasis. Prior to injection, following placement of the needle, gentle aspiration will

be applied to the syringe to ensure that no material is injected intravenously. Vital

signs will be measured every 15 minutes at the start of, during, and after the injection

for at least 2 hours or until the patient is stable. If the systolic blood pressure drops
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below 80 mm Hg, the injection will be terminated immediately and the patient will be

closely monitored or treated appropriately until blood pressure is normalized.

Patients will be closely monitored for toxicity for 2- 4 hours, 24 hours and 7 days after

the first and second injections. For injections 3-6, patients will be monitored 7 days

post injection as long as they have experienced no toxicity at the 4 and 24 hour

observation periods following injections 1 and 2.

Schedule for Post-Injection Patient Monitoring

Treatment # 3-4 Hrs 24 Hrs. 7 Days 14 Days

1 X X X —
2 X X X —
3 X — X —
4 X — X —

-

5 X — X —
6 X — X X

Before each subsequent injection, patients will be evaluated for toxicities from the prior

injection and injected with the next dose only if no Grade 3 or higher toxicity occurs. All

toxicities will be graded according to the World Health Organization (WHO)
recommendations (see Appendix III). If the tumor shrinks to a point where it can no

longer be injected, subsequent doses will be administered into different tumor nodules

if any are present.

After the 6th injection, patient follow-up will include evaluations at weeks 8, 12, and 16.

At the 16 week visit, a tumor sizing will be done. After the 12 week visit, patients will

be evaluated a minimum of every 4 months. The Schedule of Events chart (Appendix I)

defines the specific blood tests and other procedures to be performed at each follow-up

visit.

7.0 SAFETY AND EFFICACY

No more than two weeks prior to entry into the study, and several times during the

study according to the Schedule of Events chart (Appendix I), all patients will have the

following studies performed to assess their disease status:

7.1 Physical exam and medical history including height, weight, vital signs,

performance status and tumor measurements (tumor staging and by physical

exam (when accessible).

[
610

]

Recombinant DNA Research, Volume 20



CLINICAL PROTOCOL
Product: VCL-1102

July 7, 1994

VICAL INC.
9373 Towne Centre Dr., Ste. 100

San Diego, CA 92121

7.2 Chest X-ray.

7.3 EKG.

7.4 CBC, platelet count, differential, PT, PTT.

7.5 Blood chemistries: creatinine, BUN, bilirubin, alkaline phosphatase, LDH, SGOT,
SGPT, phosphorus, uric acid, calcium, total protein, albumin, glucose.

7.6 Lymphocyte Proliferative Response to PHA.

7.7 Merieux multitest skin tests.

7.8 Pregnancy test for women.

7.9 HIV antibody test.

7.10 Hepatitis screen.

7.11 IL-2 antibody test.

7.12 Tumor biopsies.

7.13 CT/MRI/Ultrasound (if relevant) for baseline and to evaluate status of

disease.

7.14 Special Tests: Blood will be drawn for serum to be analyzed by PCR for the

presence of the plasmid.

7.15 Blood draws during this study will be limited to a maximum of 60 mL each

time.

8.0 ADVERSE EVENTS AND REMOVAL FROM STUDY

8.1 Patients will be monitored and questioned at every visit (see Schedule of Events,

Appendix I) regarding the occurrence and nature of any adverse experiences.

An event is any change in the physiological or psychological state other than the

primary condition that qualifies the patient for this study.

8.2 The Investigator must report to Ms. Susan Stahl (ph 619-453-9900, ext. 116,

available 24 hours.) upon occurrence of any life-threatening events (Grade IV)

that may be attributable to administration of the study drug, all fatal events, or
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the first occurrence of any previously unknown clinical event (regardless of

Grade). A written report is to follow within 3 working days to:

Susan M. Stahl, Director of Clinical Projects

Vical Inc.

9373 Towne Centre Drive, Suite 100

San Diego, CA 92121

8.3

Patients will be taken off study immediately if

:

8.3.1 Unacceptable toxicity (Grade III or IV) develops and is not easily corrected (refer

to WHO toxicity sheet. Appendix m).

8.3.2 Development of Progressive Disease (see definition 9.2.4) requiring the

institution of alternative treatments such as radiation, surgery or other drug

therapy.

8.3.3 If the Investigator believes that the patient's best interest requires a change of

therapy.

8.3.4 At the patient's or guardian's request.

9.0 EFFICACY CRITERIA

9.1 Pharmacologic/Immunologic Studies

As part of the measurement of the efficacy of this study, successful gene transfer and

expression will be evaluated by molecular and immunological analyses. The following

parameters will be measured to evaluate the tumor transfection and expression of IL-2

of VCL-1102:

9.1.1 The presence of DNA from the IL-2 gene will be assessed by PCR amplification

of cells obtained by biopsy of the treated site on various days after the injection

of the study drug (see Schedule of Events, Appendix I).

9.1.2 Immunohistochemical staining of tumor biopsy samples will be used to assess

immunologic response and soluble IL-2 expression.

9.1.3 Serum IL-2 levels will be measured.

9.1.4 PCR analysis of peripheral blood samples will be used to test for the presence of

plasmid DNA.

[612]
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9-1.5 The cellular immune response will be evaluated by measuring baseline and post

treatment IL-2 induced activation of PBMC by thymidine uptake assay and NK/
LAK response in peripheral blood.

9.1.6 Finally, every attempt will be made to excise tumor tissue from another site prior

to treatment for diagnosis, immunochemistry, cryo-preservation and to evaluate

peripheral blood lymphocyte immunological reactions to the tumor before and
after treatment.

9.2

Clinical Response Criteria

All patients who receive at least one dose of study drug will be analyzed for safety and

efficacy. Standard oncologic criteria will be applied to determine whether or not a

patient responds to the study drug. All tumor measurements must be recorded in

centimeters and should consist of the longest diameter and the perpendicular diameter

at the widest portion of the tumor. All the following determinations of tumor response

should be made comparing current total tumor size to pre-treatment total tumor size.

9.2.1 Complete Tumor Response

Disappearance of all clinical evidence of active tumor for a minimum of four weeks.

The patients must be free of all symptoms of cancer.

9.2.2 Partial Tumor Response

Fifty percent (50%) or greater decrease in the sum of the products of all diameters of

measurable lesions. These reductions in tumor size must endure for a minimum of four

weeks. No simultaneous increase in the size of any lesion or appearance of new lesions

may occur. The appropriate diagnostic tests used to demonstrate the response must be

repeated four weeks after initial observation in order to document this duration.

9.2.3 Stable Disease

Less than 50% decrease in the sum of the products of all diameters of measurable

lesions, or an increase in the tumor mass less than 25% in the absence of the

development of new lesions.

9.2.4 Progressive Disease

Tumor progression will be defined if one or more of the following criteria are met:

o Appearance of any new lesion(s).

VICAL INC
9373 Towne Centre Dr., Ste. 100

San Diego, CA 92121

Recombinant DNA Research, Volume 20 [613]



CLINICAL PROTOCOL
Product: VCL-1102

July 7, 1994

VICAL INC.
9373 Towne Centre Dr., Ste. 100

San Diego, CA 92121

o Increase in tumor size of > 25% in the sum of the products of all diameters

of measurable lesions.

o Significant clinical deterioration that cannot be attributed to treatment or

other medical conditions and is assumed to be related to increased tumor
burden.

o Worsening of tumor-related symptoms deemed clinically significant by
physician.

10.0 INFORMED CONSENT AND IRB A PPROVAL

10.1 Informed Consent

The Principal Investigator will write an Informed Consent Document and submit it to

the study site IRB. The principles of informed consent described in FDA Regulations 21

CFR Part 50 will be followed to comply with Food and Drug Administration,

regulations. Additionally, the informed consent document will include the specific

information requested by the Recombinant Advisory Committee and approved by the

committee in June 1994 for gene therapy protocols.

Regarding verbal communication about the study to potential participants, patients will

be solicited for participation by their primary physician and referred to the study

investigators at the Arizona Cancer Center. Every effort will be made to eliminate any

conflict of interest if the study investigator is also treating the patient. In a private

discussion with a study investigator or the investigator's designate (study research

nurse or coordinator) at the Arizona Cancer Center, patients will be given a detailed

explanation about the experimental study using non-technical language and a

dispassionate demeanor. The patient will be told about possible alternative therapies

and given the informed consent to take home and read. Patients will be allowed no less

than 24 hours to decide to participate, however, they may elect to sign the informed

consent form sooner.

The informed consent document itself includes a description of the purpose of the study

and the procedures associated with the conduct of the study in non-technical language,

alternative therapies available, a statement informing the patient that study

participation is completely voluntary, a description of possible risks, discomforts and

side effects as well as possible benefits of the treatment., a statement about how many
other similar gene therapy studies have been undertaken, a review of the institution's

policy regarding study costs, the fact that both male and female participants are

required to use barrier contraception during participation in the study, provisions for

long term follow-up and the requirement that patient's provide a current address and

contact person, a section stating that the investigator will request that an autopsy be

performed in the event of the patient's death and a section defining who will have
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access to the patient's confidential medical record and the possibility of media
attention..

10.2 Institutional Review

The study site Institutional Review Board must approve the Clinical Protocol and
Informed Consent Document and agree to monitor the conduct of the study and
periodically review its progress at no less than one year intervals. Before the study

begins, the Investigator will provide the Sponsor with documented evidence, i.e., a

letter from the IRB or a copy of the IRB minutes, of:

o Clinical Protocol and Informed Consent approval,

o The IRB agreement to monitor the conduct of the study and review it

periodically.

10.3 Updates To The Informed Consent Documents

The Sponsor will notify the Investigator if significant new findings develop during the

course of the study that may relate to the patient's willingness to continue participation.

It is the Investigator's responsibility to:

o Notify the local IRB.

o Update the Informed Consent Document,

o Notify each patient accordingly.

o Obtain a signed copy of the updated Informed Consent Document from each

patient.

o Send the Sponsor a copy of each patient's signed updated Informed Consent

Document.

11.0 PATIENT PRIVACY, USE OF INFORMATION AND PUBLICATION

The sponsor is concerned for the individual patient's privacy and, therefore, all patient

data will be identified only by initials and number. In the informed consent document,

the patient will be informed that the patient's medical chart may be reviewed by the

sponsor and information related to the study may be shared with the Food and Drug

Administration, and other government agencies. The patient will be told that every

effort will be made to maintain confidentiality but because it is a gene therapy trial it

may draw the attention of the media.
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12.0 STATISTIC CONSIDERATIONS

The primary goal of this protocol is to determine the safety, side effects, toxicity and
maximum tolerated dose (MTD) of direct intratumoral injection of increasing doses of

VCL-1102 in patients with solid tumors or lymphomas. Three patients will be

evaluated at potentially four dose levels. The MTD will be defined as the highest dose

which does not result in Grade 3 or higher toxicity in any of the patients treated at that

dose (it is recognized that the MTD may not be reached). Toxicities and side effects at

each dose level will be tabulated.

This design is based on the traditional design for early phase I studies. Although newer
approaches have preferred properties from a statistical perspective, the application of

these approaches to this study is limited because they typically require a much larger

number of potential doses (42) or prior information about the dose-toxicity relationship

(43, 44). We have therefore chosen to retain the traditional design.
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14.0 APPENDICES

Appendices 1-3 are attached.
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Appr. Date:8/4/94
SUBJECTS' CONSENT FORM

TITLE: Phase I Trial, of Interleukin-2 Plasmid
DNA DMRLE/DOPE Lipid Complex as an Immuno
therapeutic Agent in Solid Malignant Tumors
or Lymphomas by Direct Gene Transfer(VCL 1 102)

Page _l_of_
Number:

SWOG:
HSC:94-129

6_i

I

I

1AM ARE BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE THAT I

AM INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND OF HOW I WILL
PARTICIPATE IN IT, IF I CONSENT TO DO SO. SIGNING THIS FORM WILL INDICATE
THAT I HAVE BEEN SO INFORMED AND THAT I GIVE MY CONSENT. FEDERAL
REGULATIONS REQUIRE WRITTEN INFORMED CONSENT PRIOR TO PARTICIPATION
IN THIS RESEARCH STUDY SO THAT I KNOW THE NATURE AND THE RISKS OF MY
PARTICIPATION AND CAN DECIDE TO PARTICIPATE OR NOT PARTICIPATE IN A
FREE AND INFORMED MANNER.

PURPOSE

[_D_l_c I am being invited to voluntarily participate in the above-titled research

L-D-l-d project. I have a minimum of 24 hours to decide if I wish to participate and
[_D_2-a-l may take as long as 2 weeks. The purpose of this project is to evaluate the

[_D_2-a-3 toxicity (side effects) and safety of gene therapy of cancer by introducing a
manufactured gene substance into a cancer tumor nodule in my body- It is

hoped to induce immunity to the. cancer. However, this is a phase I study
which means it is designed to test the safety of 4 different doses of the gene
and has no assurance that it will have any benefit, although any effect on
tumor, size will be evaluated. I will not be eligible for conventional therapy
during this study.

SELECTION CRITERIA
I am being invited to participate because I have metastatic cancer which
means that the tumor (cancer) has spread to lymph nodes (glands) or internal

organs such as liver or lung. Furthermore, my tumor is no longer or not
amenable to conventional treatment with surgery, radiation or approved
drugs.

I must be HIV negative and hepatitis B negative. This is determined by a blood
test.

l-D-2-b-l If I am female I must not be pregnant or nursing. Men and women of child-

bearing age and capacity must use effective birth control during study
participation (condoms are highly encouraged). This is because the effect on
a developing fetus is not known.

A total of 25 patients whose response can be evaluated will be enrolled at the

Arizona Cancer Center.

I-D-2-a-2 STANDARD TREAT DCSJ

There are no known cures for patients with my disease. Also, before being
eligible for this protocol I will have failed on or been unable to take front line

chemotherapy which has a response rate which varies from 10-70%
depending on the type of cancer. Alternative treatments available to me
include the delivery of x-ray treatment to sites of local disease (50% response
rate), medication to control pain (close to 100% response rate) and certain
established chemotherapy treatments or experimental drugs are being
evaluated at other centers to which I can be referred. These could have
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DNA DMRIE/DOPE Lipid Complex as an Immuno- SWOG:
therapeutic Agent in Solid Malignant Tumors HSC:94-129
or Lymphomas by Direct Gene Transfer(VCL 1102)

response rates in the range of 20% but this is not certain. Experimental
treatments are under investigation which attempt to stimulate the immune
system to reject the tumor, and I can be referred to physicians at other
institutions who are conducting such trials. In some cases, proteins are
injected which can stimulate the immune system. Other experimental
treatments available at the Arizona Cancer Center change from time to time
and currently include Taxol plus etoposide phosphate, platelet factor 4, peg-
asparaginase and LY295501. I also have the option to receive no treatment at
this time.

PROCEDURE

I-D-2-a-l Within 14 days before I start the test injections, I will have a complete history
and physical evaluation, electrocardiogram (EKG), urinalysis, blood work
(complete blood count or CBC), differential and platelets, blood chemistries,
pregnancy test, hepatitis test, HIV test, other special blood tests and my'-tumor
sites will be measured, either by direct measurement or x-ray measurement.

If I agree to participate, I will be asked to agree to the following which is

described below:

If I decide to take part in this study, I will receive my injections as an outpatient.
In this study, injections of manufactured genes will be given that may help to
fight this disease in other patients but because this treatment is experimental,

X_D-i-c 1 may not derive any direct benefit from it. The purpose of this study is to

determine a safe dose of a new treatment which will attempt to induce tumor
shrinkage. Because this is new and experimental, I will be observed to

determine the side effects of the therapy. I will also be monitored for the
effects of this treatment on the growth of my tumor.

By using techniques in the laboratory, it is now possible to prepare large

amounts of human DNA or genetic material in bacteria This DNA will be mixed
with fat bodies called lipids, and then the mixture will be put into my tumor by
needle injection. Once introduced into the tumor, the DNA produces proteins

which it is hoped, based on animal studies, will stimulate tumor tissue

rejection. One protein, known as IL-2, causes the cells which will contain it

to be recognized as "foreign enemy" by the immune system. The purpose of

the study is to determine whether this treatment will induce the cells of my
immune system, known as lymphocytes, to attack and kill the tumor. This type

of therapy which stimulates lymphocytes is called immunotherapy. IL-2, the

protein produced- by the gene has been given safely to humans. It is approved
by the FDA for the treatment of kidney cancer. By putting the gene for it

directly into the tumor a high local concentration of IL-2 may occur in the

tumor but little will
1

get into the blood.

If I qualify for this study, I will have a solution containing the DNA/lipid

complex injected directly into a tumor nodule. The injections will be made
under sterile conditions after providing a local anesthetic (xylocaine), and
areas within a single nodule will be injected. The time of treatment is

approximately 30 minutes. The treatment will be given every week for a total

Recombinant DNA Research, Volume 20 [621]



SUBJECTS’ CONSENT FORM Page _3_of_6.
Appr. Date:8/4/94 TITLE* Phase I Trial, of Interieukin-2 Plasmid Number

DNA DMRIE/DOPE Lipid Complex as an Immuno- SWOG:
therapeutic Agent in Solid Malignant Tumors HSC:94-129

or Lymphomas by Direct Gene Transfer(VCL 1 102)

of six treatments- Blood samples (between 1-2 ounces) will be obtained weekly
or biweekly. A CT scan will be performed before initiation of treatment and
once or twice in the 2-month study period- My blood lymphocytes will be
tested to see if the immune system is being boosted. My blood will also be
tested for evidence of toxicity (side effects) from this treatment.

At different times in the course of the protocol, tumor biopsies will be
performed. This procedure involves the injection of a local anesthetic

(xylocaine) under sterile conditions, followed by insertion of a needle into the

tumor nodule and withdrawal of a sample of the tumor. This procedure will be
performed prior to treatment and at intervals of 2 weeks up to 4 times. These
tests will be in conjunction with the treatments.

I will be checked regularly for any toxicity (side effects of the drug). Clinic

visits will be required approximately every week for the first 6 weeks and
then approximately monthly for a total of 4 months. In addition, '-small

quantities of blood (2-6 teaspoons) for laboratory tests will be taken weekly. X-

rays will be done every 2 months and at the end of the study.

l_D_2-b-2 The study ma\' be terminated before that time by my decision, because of side

l_D_2-b-3 effects or if medically indicated- My follow-up after study completion will be
life-long. Therefore, the Cancer Center will maintain a current address file on
me. If I expire, permission for autopsy will be requested.

RISKS

I-D-2-a-5 All current methods of anticancer treatment (whether standard or
experimental) have potential side effects. In studies conducted thus far in ten
patients with the direct injection of a different gene into patients’ tumor
nodules, no serious side effects have been noted. One patient had severe pain
in the injected nodule. However, this number of patients is so small that the
incidence of side effects for this therapy are really not known.

I-D-2-b-2 I will be kept informed of results from this study while I am receiving the
drug, especially regarding any finds which might affect my willingness to

participate.

There are potential side effects and risks to this procedure. I may experience
mild or even severe discomfort from needle injections or tumor biopsies. This
is anticipated in- 100% of the patients. I may have mild discomfort and
bleeding from the tumor biopsy. This is anticipated in 100% of the patients. I

will be given a local anesthetic to minimi se the discomfort. Also, if the
injections are into nodules in the liver, bleeding may be serious and require
surgery to stop it. If the injections are in the lung area the lung may be
punctured requiring hospitalization or a chest tube. These are anticipated in
1-5% of the patients. There is a risk of death due to bleeding in pneumothorax.
Even though the DNA inserted into my tumor is considered harmless to me,
events could occur within normal cells that allow them to become cancerous.
Laboratory studies suggest that this possibility is very unlikely. However, this
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is a new procedure and it is not known whether cells could become abnormal
After long periods of time. In animal studies, the development of cancer cells

has not been observed in any animals tested. The inserted DNA will contain a
gene that inactivates certain antibiotics in bacteria. This protein is not likely

to be made in humans, and many other antibiotics that are not inactivated will

be available and effective in treating any potential bacterial infections. As
stated above, the gene for IL-2 causes the cancer cells to produce IL-2. When
large amounts of IL-2 itself is given to patients they may have side effects of

fever, chills, loss of appetite, weakness, fatigue or tiredness and low blood
pressure. My doctors do not think this will happen here because the amount
of IL-2 produced in the tumor is tiny.

It has been explained to me that this procedure, called direct gene transfer,

has been used before in human patients only in two preliminary clinical trials

in about 10 patients. Because this procedure is new, it is possible that despite

our extensive efforts, other unforeseen problems may arise, including the

very remote possibility that death may occur.

I will undergo biopsy of tumor and other tissue, on several occasions before

and after injection. Blood and tissue specimens will be taken where possible to

follow the duration and effects of IL-2 expression. As noted below, the patient

may withdraw from the study at any time. My doctors do not believe there will

be any adverse consequences of such a withdrawal.

D-2-a-A BENhfllS

This is a phase I study and therefore toxicity and biological acitivty are the

main objectives and benefit may well not occur. If it does we believe it will be

in under 20 % of the patients.

This phase I study should provide the information needed to subsequently

conduct a phase II study to detennine if this approach will lead to responses.

The injections I will receive may induce an immune response to my tumor and

a remission (meaning a shrinkage of the cancer for weeks to months).

•D-2-b-4 CONFIDENTIALITY

Medical information about me and my progress in this study will remain

confidential. Should the results of this study be reported or published, no

individual patient .names will be used. In accord with the requirements of the

Food and Drug Administration (FDA), occasionally medical records of patients

may be reviewed by medical monitors of sponsoring agencies whose duty it is

to oversee this research to verify its accuracy. This may include the

sponsoring compahy (Vical Inc. San Diego, California), the National Cancer

Institute and the FDA In addition, the ACC will inform the media that a gene

therapy protocol is being conducted but they will fully protect the privacy of

the patients and their confidentiality
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SUBJECTS’ CONSENT FORM Page _5_of_6
Appr. Date;8/4/94 TITLE: Phase I Trial, of Interleukin-2 Plasmid Number

DNA DMRIE/DOPE Lipid Complex as an 1mmu no- SWOG:
therapeutic Agent in Solid Malignant Tumors HSC:94-129

or Lymphomas by Direct Gene Transfer(VCL 1 102)

I-D-2-a-6 PARTICIPATION COSTS

The experimental drug, namely the LL-2 gene in a plasmid liposome (fatty

substance) delivery system will be supplied by the study sponsor. Its full name
is IL-2 DNA DMRIE/DOPE Either I or my insurance company will be charged
for the standard tests associated with the delivery of routine medical care for

my disease. This includes routine blood tests. X-rays, scans, and physician’s

charges. The charges associated with the management of the side effects of

treatment (medication, etc.) will also be billed to me or a third party carrier.

All costs are standard for medical care involving these treatments. The drug
and its admin istration and any additional testing will be covered by the

sponsor. I can obtain further information from Evan M. Hersh, M.D. (Principal

Investigator) at (602) 626-2250 or page at 694-6000, (pager 1240), Evan Unger,

MD. (602) 694-2515 (pager 2042), James Wameke, M.D. (602) 626-7754 (pager

2429) or Alison Stopeck, M.D. (602) 626-2816 (pager 1231).

LIABILITY

I understand that adverse reactions are possible in any research program
despite the use of high standards of care and could occur through no fault of
mine or the investigator involved. Reactions which can be foreseen have
been described in this consent form. However, unforeseeable harm may also

occur and may require care.

I understand that money for research-related side effects or harm or for

wages or time lost is not available. Necessary emergency medical care directly

related to this treatment will be provided from Evan M. Hersh, M.D. through
the University of Arizona Health Sciences Center. I can obtain further
information from Evan M Hersh, MD. (Principal Investigator) at (602) 626-

2250), Evan Unger, MD. (602) 694-2515 (pager 2042), James Wameke, M.D. (602)
626-7754 (pager 2429) or Alison Stopeck, MD. (602) 626-2816 (pager 1231). If I

have questions concerning my rights as a research subject, I may call the

Human Subjects Committee office at (602) 626-6721.

AUTHORIZATION

BEFORE GIVING MY CONSENT BY SIGNING THIS FORM, THE METHODS,
INCONVENIENCES, RISKS AND BENEFITS HAVE BEEN EXPLAINED TO ME AND MY
QUESTIONS HAVE BEEN ANSWERED. I UNDERSTAND THAT I MAY ASK QUESTIONS

-_D_2-a-3 AT ANY TIME AND THAT I AM FREE TO WITHDRAW FROM THE PROJECT AT ANY
TIME WITHOUT CAUSING BAD FEELINGS OR AFFECTING MY MEDICAL CARE. MY
PARTICIPATION IN THIS PROJECT MAY BE ENDED BY THE INVESTIGATOR OR BY
THE SPONSOR FOR REASONS THAT WOULD BE EXPLAINED. NEW INFORMATION
DEVELOPED DURING THE COURSE OF THIS STUDY WHICH MAY AFFECT MY
WILLINGNESS TO CONTINUE IN THIS RESEARCH PROJECT WELL BE GIVEN TO ME AS
IT BECOMES AVAILABLE I UNDERSTAND THAT THIS CONSENT FORM WILL BE

[
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SUBJECTS' CONSENT FORM Page _6_of_6.
Appr. Dace: 8/4/94 TITLE: Phase I Trial, of Interleukin-2 Plasmid Number.

DNA DMRIE/DOPE Lipid Complex as an Lmmuno- SWOG:
therapeutic Agent in Solid Malignant Tumors HSC:94-129

or Lymphomas by Direct Gene Transfer(VCL 1 102)

FILED IN AN AREA DESIGNATED BY THE HUMAN SUBJECTS COMMITTEE WITH
ACCESS RESTRICTED TO THE PRINCIPAL INVESTIGATORS. EVAN M. HERSH, MD,
EVAN UNGER, MD, JAMES WARNEKE,MD OR ALISON STOPECK,MD. AN
AUTHORIZED REPRESENTATIVE OF THE HEMATOLOGY/ONCOLOGY SECTION OF THE
CANCER CENTER. I UNDERSTAND THAT I DO NOT GIVE UP ANY OF MY LEGAL
RIGHTS BY SIGNING THIS FORM A COPY OF THIS SIGNED CONSENT FORM WILL BE
GIVEN TO ME

SIGNATURES:

Subject Date Parent/Legal Representative Date

I have carefully explained to the subject the nature of the above project. I

hereby certify that to the best of my knowledge the person who is signing
this consent form understands clearly the nature, demands, benefits and risks

involved in his/her participation. A medical problem or language or
educational barrier has not precluded this understanding.

Investigator Date Witness Date
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INSTITUTION ANO LOCATION DEGREE
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College of the City ofNew Yodc BX. 1956 Medicine
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Professional Experience:
1962 to 1965
1965 to 1966

1966 to 1972

1971 to 1981

12 to

1975 to 1981

1977 to 1981

1981 to 1986

Clinical Associate, Medical Branch, NIH, NCI, Bethesda. Maryland
Fellow in Medicine & Immunology, Stanford University Medical Center, Palo Alto,

CA
Assistant Internist & Assistant Professor of Medicine, Denarrment of Developmental
Therapeutics, The University of Texas System Cancer Center, MX). Anderson
Hospital & Tumor Institute, Houston, Texas
Chief, Section of Immunology, Department of Developmental Therapeutics, The
University of Texas System Cancer Center, MX). Anderson Hospital & Tumor
Institute, Houston, IX

1975 Associate Internist and Associate Professor of Medicine, Department of
Developmental Therapeutics, The University of Texas System Cancer'Center, MX).
Anderson Hospital Tumor Institute, Houston, Texas
Professor of Medicine and Internist, Department of Developmental Therapeutics, The
University of Texas System Cancer Center, MJD. Anderson Hospital & Tumor
Institute. Houston. Texas
Deputy Head. Department of Developmental Therapeutics. The University of Texas
System Cancer Center, MX). Anderson Hospital&Tumor Institute, Houston, Texas
Chairman, Professor of Medicine and Internist. Department of Clinical Immunology &
Biological Therapy, the University ofTexas System Cancer Center, MJD. Anderson
Hospital& Tumor Institute, Houston,Texas

1986 to Present Chief, Section of Hematology and Oncology and Professor of Medicine, Department

of Internal Medicine, Arizona Cancer Center, University of Arizona Health Sciences

Center, University of Arizona. Tucson, Arizona
1986 to PresentProfessor of Microbiology and Immunology, Department of Microbiology and

Immunology, University of Arizona, Tucson Arizona
1986 to Present Associate Director for Clinical Research and Director ofImmunology, Arizona Cancer

Center, Tucson, Arizona

Honors and Awards:
Second Year Honors, City College, New York, 1954
Phi Beta Kappa& Medal for Student ofMost Proficiency in Biology, City College, New Yodc,

1956-1960
Salk Scholar, City ofNew York, 1960

Alpha Omega Alpha, Columbia University, New Yodc, 1981

1000 Contemporary Scientists, Most Gied 1965-1978 Top 300 (Current Contents, 1981),

Citation Class (Current Contents), 1983.
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L Hersfa EMC, Miller TP. Malignant lymphomas in patients with-human immunodeficiency virus
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Chong ASF. Hersh EM, Grimes WJ. Blocking oflymphokine aerivaxed killer (LAJK) cell mediated
cytotoxicity by cell sized beads bearing tumor cell proteins, J Immunol 141(12):4418-4424, 1988.
Chong ASF. Scuderi. P. Grimes WJ, Hersh EM. Tumor targets stimulate IL-2 activated killer cells to

produce luterferou-g and tumor necrosis factorl. J Immunol 142x2133-2139, 1989.
Hersh EMC. Scuderi P. Grimes WJ. ChongA Brailey JL, Gschwind CR. Salmon SE. Cytostatic and

‘ cytotoxic activity of lymphokinc activated killer (LAK) erTT superxrarants. Cancer Immunol
Immunother 30(l);65-70. 1989.
Hersh EM, Murray JL, Hong WK, RosenblumMG, Rneben JM. WeUbacdicr R, Sarwal AK, Bradley
EQ. Arnett FCL Phase I study of cancer therapy with recombinant intedenkm-2 administered by
intravenous bolus injection. Biotherapy L215-226. 1989.

Schwartz JE. Scnded P, Wiggins C, RudolphA Hersh EMI A phape I trial of recombinant tumor
necrosis factor (rTNF) administered by continnons intravenous infusion in patients with disseminated
malignancy. Biotherapy 11207-214, 3989.

Hersh EMC, Funk CY. PetersenEA MosierDE and the Ditiocarb Study Group. Biological activity of

diethyldithlocarbamaxe (Didocarb. Imnthiol^-) in an animal model of ictroyirns-indnced
immrmndrHrdenry disease and in-elmiraT friricin patients withHEV Inf^-dnn Develop BinT Sf-an^n^

72-355-363, 1990
Hersh EMC. Brewton G. Abrams D, Battlett I. Galpin I. Gill P. Gorter R, Gotdleb M. Jonikas J,

Landesman S. LevineA MarcelA Petersen: EA, Whiteside M, ZahradnBc T. Negron C. Boudde F,

Caraox J. Dupuy JM. Salmi LR. Didocarb sodium (dicthylditfalocarbamatc) therapy in patients with
symptomatic HIV infccdon and AIDS. A randomized double-blind placebo-controlled muldcenter
smdy. JAMA 265:1538-1544, 1991.

Hersh EM, Funk, CY. Ryschon KL, Petersen EA Mosicr DE. Effective therapy of the LP-BM5
murine retrovirus-indneed lymphoprolifcrativc immunodeficiency disease with
diethyldithlocarbamaxe. AIDS Research and Human Retroviruses 7:553-561, 1991.

Hersh EMC, Mctch BS, Muggia FM, Brown TD, Whitehead RP. Budd GT. Rinehart JJ, Crawford ED.
Bonnet JD, Behrens BC. Phase H studies of recombinant human tumor necrosis factor alpha

(thuTNFa) in patients with malignant disease. JImmunotherapy 10:426-43 1,199

1

Lake D, Kawamufa T, Tomlyama T. Masuho Y, Matsumoto Y, Robinson, Jr. WE,HERSH
EMLGenerarion and Characterization ofa human monoclonal antibody that neutralizes diverse HTV-
1 isolates in vitro. Current Science, AIDS, 6:1724, 1992.

TaylorCW, Chase EM, Whitehead RP, Rinehart JJ, Neidhart JA, Gonzalez R. BunnPA HERSH
EM: A southwest oncology group phase I study of the sequential combination of recombinant
interferon-y and recombinant mterieukin-2 in patients with cancer. J Immunotherapy, 11:176-183,

1992.

Verdi CJ, Taylor CW. Crogan MK. Dalke P, Meyskens FL. HERSH EMC: Phase I study of low-dose

cyclosphosphamide and recombinant interieukin-2 for the treatment of advanced cancer. J

Immunotherapy, 11:286-291,

1

992.

Funk CY, Eisman J. Hersh FM: Treatment of the murine, retrovirus-induced lymphoproliferative

immunodeficiency disease (LP-BM5) in C57BL/10 mice with the immunomodularor imexon. AIDS
Research and Human Retiroviruses, 8:633-638, 1992.

HERSH EMC, Gschwind C, TaylorCW, Dorr RT, Taetle R and Salmon SE: And proliferative and

anti-tumor activity of the cyanoaziridme compound imexon on tumor cell lines and fresh tumor cells

in-vitro. JNOC, 84:1238-1244, 1992.

HERSH EM, Grogan TM, FunkCY and TaylorCW: Suppression ofhuma n, lymphoma
development in the SC11J mouse by imexon therapy. J Immunotherapy, 13:77-83, 1993.

HERSH EMRFunk CY, Petersen EA Ryschon KL and Mosier, DE: Dose response and timing

effects in the therapy of the LP-BM5 murine, retrovirus induced lymphoproliferative

immunodeficiency disease yrith diethyldithiocaibamate. Int J Immunopharmac, 15:137-143,

Barbuto JAM, Verastegui EL and HERSH EMs The use of transformedT cell lines for clonal

expansion of human B cells from peripheral blood, spleen and tumor infiltrating lymphocytes.

Hybridoma. 12:115-125, 1993.
PuntCJA Barbuto JAM, Grimes WJ, and HERSH EM: And-tnmor antibody production by

tumor-infiltrating (TDBL) and peripheral blood (PBBL) human B lymphocytes. Cancer Research.

(Submitted).

Dorr RT, Liddil JD, Dalton WS, Galler L, and HERSH EM: The 2 cyanoariridine derivative

imexon induces protein-associated DNA-singlc strand breaks in human 8226 myeloma cells.

Cancer Research. (Submitted!.
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1973 - 1974 Science Teacher, * (Biology and Chemistry). St. Scholastica Girl's High
School, Bakana, Port Harcourt, Rivers State, Nigeria. Set up and

administered International Diploma Examinations (West African School 1

Certificate Examinations).

- 1975 Science Teacher, Sapele Technical School, Sapele, Nigeria. Was involved in

organizing and setting up curriculum for freshmen.

1975 - 1977

LS77 - 1973

1979 - 1983

983 - 1985

Assistant Lecturer in Biology, College of Education, Abraka, Bendel,

Nigeria.

Teaching Assistant. New Mexico Highlands University, Oept. or Biology, Las

Vegas, NM.

Research Assistant, University of New Mexico, Department of Biology,

Albuquerque, NM, under a grant from the National Science Foundation for

the study of raechanism(s) of host-parasite interactions between Coxiellz

burnetii and macrophage-like tumor cell lines.

Postdoctoral Research Fellow, Los Alamos National laboratory, Los Alamos,

NM, with Carleton C. Stewart, Ph.O., Experimental -pathology Group:

"Radiation and the Mononuclear Phagocyte Response to Cancer".

985 - 1990

990 - Present
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Assistant Professor, Department of Biological Sciences, Northern Arizona
University, Flagstaff, AZ.

Associate Professor of Microbiology and Immunology. University of Arizona,
Tucson, AZ.
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University of

Ranked first in graduating class

Received Rational Award based on merit for four years.

Received best graduate student presentation New Mexico award at New
Mexico Branch ASM Meeting (1982).

MEMBERSHIP AND POSITIONS IN PROFESSIONAL SOCIETIES:

The American Association for Cancer Research
Society for Leukocyte Biology
Sigma Xi, The Research Society
New York Academy of Sciences

PUBLICATIONS: (From a total of 21)

1. E.T. Akporiaye, G.C. Saunders, and P.M. Kraemer, A Sponge Model .for Studying
Tumor Growth: Quantitation of Tumor Cells and Leukocytes- in the CHO Tumor. Experientia
43, 589-593 (1987).

2. E.T. Akporiaye. M. Kudalore, A.P. Stevenson, P.M. Kraemer and C.C. Stewart,
Isolation and Reactivity of Host Effectors Associated with the Manifestation of
Concomitant Tumor Immunity. Cancer Res. 48, 1153-1158 (1988).

E.T. Akporiaye and M. Kudalore. Tumor growth inhibition by T lymphocytes
recovered from a site of tumor rejection. Cancer Immunol. Immunother. 29, 199-204
(1989).

4. E.T. Akporiaye, V. Tsosie, 0. Stefanovich and O.G. Baca. Coxiella burnetii fails
to stimulate superoxide anion production by human neutrophils- Acta Virol. 34, 64-70

(1990).

5* E.T. Akporiaye, and C.A. Barbieri, C.C. Stewart and J.G. Bender. Gelatin Sponge
model of effector recruitment: Turaoricidal activity of adherent and non-adherent
Lymphokine activated killer cells after culture in Interleukin-2. J. Leukocyte Biol.
49, 189-196 (1991)

A.L. Heitkemper and E.T. Akporiaye. Chemotactic activity resides primarily in the
adherent population of lymphokine activated killer cells, J. Chemotherapy 3 suppl 4,

530-532, (1991)

7* L.L. Steed, E.T. Akporiaye and R.L. Friedman, Bordete77a pertussis induces
respiratory burst activity in human polymorphonuclear leukocytes. Infect. Immun. 60,

2101-2105, (1992).

R.L. Friedman, K. Nordensson, L. Wilson, E.T. Akporiaye and D.E. Yocum. Uptake
and intracellular survival of Bordetella pertussis in human macrophages. Infect. Immun.
50, 4578-4583 (1992).

E.T. Akporiaye, A. Peterson, ?. Pierce, J. Valenzuela, L. Canfield and J. Bender. .

Effect of Beta-Carotene on cytotoxic activity and Receptor expression of tumor-specific
lymphocytes. In- Press. Ann. N.Y. Acad Sci. (1993).

*0
'

: ;
d. A. Park, R. A. Brown, K.. Unverzagt, J.G. Bender, K.W. Girodias and E.T.

Akporiaye. Specific recruitment and activation of tumor rejecting lymphocytes during
concomitant tumor immunity. Submitted.
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Wake Foresc University M.S. 1979 Medical Sciences
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Microbiology and Inmrux
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PROFESSIONAL EXPERIENCE :

1982-1985 Postdoctoral Fellow, Ludwig Institute for Cancer Research, Lausanne,
Switzerland
Staff Immunologist; Environmental Monitoring & Services Inc., Chapel
Hill, NC

1985-1989 Research Associate (Research Assistant Professor), Center for
Environmental Medicine and Lung Biology, Department of Medicine,

moo
University of North Carol ina-Chapel Hill, Chapel Hill, NC

1989-

present Associate Professor, Microbiology and Immunology, University of
Arizona, Tucson, AZ

1990-

present Associate Member, Clinical Scientist, Arizona Arthritis Center

Pub! i cations

Evans, O.L., D.T. Harris, H.S. Koren, and L. Friedmann. Identification of a

recognition structure on rat natural killer cells. IN: Natural Killer
Cells: Biology and clinical application (Proceedings of the 6th
International Natural . Killer Workshop), R.E. Schmidt, Ed., Karger Press,
Basel, Switzerland, p. 5-9, 1990.

Evans, D.L., D.T. Harris, and L. Jaso-Friedmann. Effects of phorbol esters and
calcium ionophore on nonspecific cytotoxic cells. Oev. Comp. Immunol
14(2) :223, 1990.

Friedmann, L., O.T. Harris, A. St. John, H.S. Koren, and D.L. Evans.
Characterization of an evolutionary conserved target cell antigen complex
recognized by natural killer cells. IN: Natural Killer Cells: Biology and
clinical application (Proceedings, of the 6th International Natural Killer
Workshop), R.E. Schmidt, Ed., Karger Press, Basel, Switzerland, p. 13-17,
1990.

Harder, S.D., 0. House, O.T. Harris, and H.S. Koren. Inhibition of human natural
killer cell activity following in vitro exposure to ozone. Inhal. Tox.
2:161, 1990.

Harris, O.T., L. Friedmann, R.B. Devlin, K.P. McKinnon, H.S. Koren and O.L.
Evans. A putative antigen receptor on human natural killer cells is a

signal -transducing molecule. IN: Natural Killer Cells: Biology and
clinical application (Proceedings of the 6th International Natural Killer
Workshop), R.E. Schmidt, Ed., Karger Press, Basel, Switzerland, p. 10-12,
1990.
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Harris, O.T., L. Jaso-Friedmann, R.D. Devlin, K.P. McKinnon, H.S. Koren and D.L.
Evans. Identification of an evolutionary conserved natural killer cell
(NK) antigen receptor/target antigen complex. IN: Oefense Molecules, UCLA
Symposia on Molecular and Cellular Biology, New Series, Vol . 121, Eds. J.
Marchalonis and C. Reinisch, Alan R. Liss, New York. NY, pp. 213-227,
1990.

Harris, D.T . , L. Jaso-Friedmann, R.B. Devlin, .H.S. Koren. and D.L. Evans.

Identification of a novel function-associated molecule on human natural
killer cells. Proc. Natl. Acad. Sci. USA 88:3006, 1991.

Harris, D.T. , L. Friedmann, and D. Evans. 1991. Recognition, receptors * and
natural killer cells. Preceedings of the 5th International Society of
Developmental and Comparative Immunology Congress, Pergamon Press, in

press, 1992
Evans, D.L., D.T. Harris, J.H. Leary, L. Friedmann and' A. St. John.

Identification of a viraentin-like protein on rat NK cells: Evidence for
receptor function. Scand. J. Immunol., in press, 1992.

Evans, D.L., D.T. Harris, and L. Jaso-Friedmann. A function -associated molecule
on rat natural killer cells identified by anti -idiotypic monoclonal
antibodies. Cell. Immunol. 141:293-305, 1992.

Evans, O.L., D.T. Harris, and L. Jaso-Friedmann. Function-associated molecules
on nonspecific cytotoxic cells: Role in calcium signalling, redirected
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Scientific Abstract

Brief Scientific Abstract: Clinical Protocol for Modification of Tumor Suppressor Gene
Expression in Head and Neck Squamous Cell Carcinoma (HNSCC) with an Adenovirus

Vector Expressing Wildtype p53
Principal Investigator: Gary L. Clayman, D.D.S., M.D.

Institution: The University of Texas M. D. Anderson Cancer Center

OBJECTIVES
1 )

To determine the maximum tolerated dose of the wild-type p53 adenovirus vector in patients with

refractory HNSCC.

2) To determine the qualitative and quantitative toxicity and reversibility of toxicity of this treatment

approach.

3) To document observed antitumor activity of this treatment approach.

BACKGROUND AND RATIONALE
Head and Neck Squamous Cell Carcinoma mortality remains at nearly 50% and has not

significantly changed since contemporary radiation therapy was implemented over thirty years ago.

Local/regional control remains a major issue in this patient population with only approximately 10% of

patients with advanced disease succumbing to distant disease alone. The goal of this research is to

directly modify the cancer cell to express large quantities of exogenously introduced wild-type p53 tumor

suppressor gene product that suppresses the characteristics of the malignant phenotype with no long-

term effect upon non-malignant tissues or the cancer patient.

PATIENT ELIGIBILITY (Critical inclusion criteria listed only)

1 Patients must have histologic proof of squamous cell carcinoma of the head and neck. Patients

must be either unable to receive conventional treatment (e.g. the patient received radiation

therapy with or without surgery) or have failed conventional treatment. Those patients with ex-

tensive local or regional disease that have persisted or recurred following radiation therapy (with or

without chemotherapy or surgery) and have clinically resectable, but likely non-curable (<10%
disease free survival) are also eligible. Patients need not have received a trial of chemotherapy

prior to entering this protocol. All eligible patients will be discussed at the Head and Neck Surgery

Multidisciplinary Treatment Planning Conference prior to protocol enlistment.

2 Patients must have clinical evidence of advanced local and/or regional cancer which is

unresectable or for which no meaningful resection with surgical margins will be obtainable.

TREATMENT PLAN
1 The study will be an open-label upward dose ranging study for adenovirus-p53 vector (Ad5CMV-

p53). Two study patient groups will consist of a) resectable and b) non-resectable recurrent

disease. It is not known what toxicities if any will be caused by the adenovirus. The first phase of

the study will allow assessment of toxicities related only to the vector. Patients will receive one
intratumor injection of Ad5CMV-p53. The initial dose will be 106 plaque forming units (PFU).

Three patients will be entered at each dose level with 6 patients entered at the maximum tolerated

or maximum attainable dose (limitation imposed by production of the adenovirus). Dose
escalation is described within the enclosed protocol.

2 Patients with local-regional tumors will have injection of a total dose of 1 0 ml for tumors > 4 cm in

diameter or 3 ml for tumors < 4 cm in diameter of the adenovirus preparation with the appropriate

number of viral particles at multiple sites percutaneously or transorally. Injections will be placed at

approximately 1 cm increments.

3 The treatment will be repeated 3 times weekly for 2 weeks. Treatment will continue on a monthly

basis as long if there is no tumor progression. After one year the patients will be evaluated for

continuation of therapy.

4 Those patients with surgically resectable disease will be treated by tumoral injection of adenovirus

preparation as described in 2 and 3. The treatment will be repeated for 2 consecutive courses.

Within 4 days of completion of the 2nd course, the patients will be eligible to proceed with surgical

resection. At the completion of surgical resection, prior to closure, 1 0ml of adenovirus prepara-

tion will be administered into the surgical defect (operative bed) and allowed to remain in contact

for 60 minutes. The wounds are then closed and drains placed. Post-operatively, on the 3rd post-

operative day (prior to drain removal), 10ml of adenovirus preparation is sterilely intro-duced into

the drains and retrograde placed into the wounds and allowed to remain for 2 hours. The drains

are then replaced to suction and removed when indicated by the attending staff surgeon.
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Non-Technical Abstract

Brief General Terminology Abstract: Clinical Protocol for Modification of Tumor
Suppressor Gene Expression in Head and Neck Squamous Cell Carcinoma (HNSCC)

with an Adenovirus Vector Expressing Wildtype p53
Principal Investigator Gary L. dayman, D.D.S., M.D.

Individuals afflicted with squamous cell carcinoma of the head and neck have a disease

process that not only severely affects their quality of life, but also ultimately leads to their

death in over 50% of patients. Despite concerted efforts to improve survival with surgery,

radiation therapy, and chemotherapy; survival has remained unchanged for over thirty years

and approximately 90% of patients that succumb to these cancers do so due to recurrence in the

head and neck region. Patients that have failed local/regionally with curative attempts of

radiation with or without surgery (for advanced disease) predictably survive a median of six

months. However, patients with recurrent head and neck cancer also exhibit readily accessible

tumors that can be measured, treated, and biopsied without significant discomfort to the

individual. This patient population is the focus of the development of a novel treatment strategy

in head and neck cancer.

The general purpose of this study will be to see whether a normal copy of a gene called

p53 can be placed inside the patient's cancer cells and cause the cancer to grow more slowly or

to stop growing. We propose to inject a defective virus that contains this p53 gene that will

produce a normal human protein that functions as a tumor suppressor gene. This protein has

been shown to cause the death of cancer cells, but not cause cell death of normal cells. The

virus, similar to that which produces a common cold, has been altered so it cannot reproduce.

There will be two groups of patients for this study. The first group has advanced

recurrent cancer of the head and neck that cannot be surgically removed, whereas in the second

group surgery is feasible but will not (in and of itself) cure the patients of their cancer.

Patients will receive injections of the defective virus with the normal p53 gene vector three

times weekly for two consecutive weeks. Prior to leaving the hospital, the patient will be

checked to make sure that no vector can be identified in any body fluids. A second two week
session of therapy, identical to the first, will be undertaken during the second month. For those

patients with surgically removable cancers, surgery will be performed three days following

their last vector injection. At the time of surgery and prior to the removal of tubes usually

placed in surgery, vector with normal p53 gene will again be put into the surgical site. Those

patients with cancers that cannot be removed will continue to receive vector with normal p53
gene injections three times weekly for two weeks per month unless they should get sick, have a

reaction to the injections, tumor continues to grow, or they decide to discontinue treatment.
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Protocol: (Give number and abbreviated title) (Two lines not to exceed 75 characters per line)

Clinical Protocol for Modification of Tumor Suppressor Gene Expression and Induction of Apoptosis in Head and Neck

Squamous Cell Carcinoma (HNSCC) with an Adenovirus Vector Expressing Wildtype p53

Study Chairman:

Patient Eligibility:

Gary L. Clayman, D.D.S., M.D., Department of Head and Neck Surgery

(Twenty lines not to exceed 75 characters per line)

1 .

2 .

3.

4.

6 .

Patients must have histologic proof of squamous cell carcinoma of the head and neck. Patients must be either unable to

receive conventional treatment (e.g. the patient received radiation therapy with or without surgery) or have failed

conventional treatment Those patients with extensive local or regional disease that have persisted or recurred following

radiation therapy (with or without chemotherapy or surgery) and have clinically resectable, but likely non-curable ( <10%
disease free survival) are also eligible. Patients need not have received a trial of chemotherapy prior to entering this

protocol. All eligible patients will be discussed at the Head and Neck Surgery Multidisciplinary Treatment Planning

Conference prior to protocol enlistment.

Patients must have clinical evidence of advanced local and/or regional cancer which is unresectable or for which no

meaningful resection with surgical margins will be obtainable.- •

All patients must have a life expectancy of at least 12 weeks and must have a performance status of <2 (Zubrod scale.

Appendix B).

All patients must sign an informed consent indicating that they are aware of the investigational nature of this study in

keeping with the policies of the hospital. The only acceptable form is the one attached at the end of this protocol.

Patients will be tested for HTV prior to entry onto the protocol and must be HTV-negative. Patients with upper respiratory

infections will not be treated until the infection resolves.

Patients must have adequate bone marrow function (defined as peripheral absolute granulocyte count of >2,000/mm3 and

platelet count of 100,000/mm3), adequate liver function (bilirubin ^1.5 mg/dl), and adequate renal function (creatinine <1.5

mg/dl).

Treatment Plan: (Include dose adjustment) (Twenty lines not to exceed 75 characters per line)

1 .

2 .

3.

4.

5.

The study will be an open-label upward dose ranging study for adenovirus-p53 vector (Ad5CMV-p53) in two patient groups.

The two groups of patients will consist of a) resectable and b) non-resectable recurrent disease. The first phase of the study

will allow assessment of toxicities related only to the vector. Patients will receive one intratumor injection of Ad5CMV-p53.

The initial dose will be 106 plaque forming units (PFU).

Dose Escalation: The adenovirus dose will increase in one logjo increments for each group. Patients entered at a given

dose level will not be eligible for dose escalation. We estimate based on the achievable titers of adenovirus that six dose levels

can be done thus requiring 21 patients in each group (resectable and non-resectable).

All patients shall be registered with the Data Management Office at 713-792-2926.

Patients with local-regional tumors will have injection of a total dose of 10 ml for tumors_>4 cm in diameter or 3 ml for

tumors <4 cm in diameter of the adenovirus preparation with the appropriate number of viral particles at multiple sites

percutaneously or transoraJly. The treatment will be repeated three times weekly for two weeks. Dose escalation may proceed

after a minimum two week follow-up of the last patient entered into the previous dose level. Treatment will continue on a

monthly basis as long as there is no tumor progression. After one year the patients will be evaluated for continuation of

therapy.

Those patients with surgically resectable disease will be treated by tumoral injection of adenovirus preparation as described

above. The treatment will be repeated for two consecutive courses. Within four days of completion of the second course, the

patients will be eligible to proceed with surgical resection. Prior to surgical closure, 10 ml of adenovirus preparation will be

administered into the surgical defect (operative bed) and allowed to remain in contact for 60 minutes. The wounds are then

closed and drains placed.
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Patldlt Evaluation. (Twenty lines not to exceed 75 characters per line)

1 . A complete history and physical to include performance status, recent weight loss, usual weight and concurrent non-malignant

disease and its therapy, and all prior anticancer treatments must be recorded. History and physical will be performed prior to each

course.

2. Laboratory studies shall include quantitative immunoglobulins; a CBC with differential and platelet count; SMA-12 and electro-

lytes, including creatinine, bilirubin, SGPT, alkaline phosphatase, HIV analysis, urinalysis, chest x-ray, pre and post-treatment.

3. All relevant information regarding viral dosage, tumor response, laboratory examinations, and treatment-related toxicities must

be recorded before each treatment is given.

4. Core biopsies or Incisional biopsies will be obtained of accessible local and or regional tumor. Tumor specimens will be

collected 72 hrs. after the last injection of the adenovirus during the first treatment cycle.

5. Biopsies will be analyzed for incorporation of the transduced gene into the host genomic DNA and expression of the transduced

gene at the RNA level by standard hybridization techniques following polymerase chain reaction and by in situ hybridization.

6. AU patients will be evaluable for response and toxicity following one course of therapy.

7. A blood sample will be collected three times at one-half hour intervals following injection of the adenovirus. These samples will

provide leukocytes to analyze for uptake of adenovirus DNA. Serum will be tested for antibodies to adenovirus proteins. Patients

will be tested monthly during treatment, monthly for the first three months following completion of treatment, every three

months for the remainder of the year following completion of treatment, and then at least yearly thereafter.

8 . Normal tissue samples will be collected during the follow-up visits and endoscopies. These will include samples of non-

malignant mucosa, leukocytes, and germ cells, if possible. These tissues will be analyzed for incorporation of the adenovirus.

9 . A staging CT scan of the head and neck to evaluate local and regional disease will be obtained on an every three month basis

during treatment.

Miscellaneous Information: (Include any other information that you feel is pertinent to the study)
(Three lines not to exceed 75 characters per line)

Statistical Considerations: (Twelve lines not to exceed 75 characters per line]

Three patients will be entered at each dose level with 6 patients entered at the maximum tolerated or

maximum attainable dose (limitations imposed by production of the adenovirus). A maximum of 21

patients will be entered into each study group, for a total of 42 patients for the entire study.

Objectives: velvc lines not to exceed 75 characters per line)

1 . To determine the maximum tolerated dose of the wild-type p53 adenovirus vector in patients with

refractory NSCC.
2. To determine the qualitative and quantitative toxicity and reversibility of toxicity of this treatment

approach.

3. To document observed antitumor activity of this treatment approach.
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Clinical Protocol: Modification of Tumor Suppressor
Gene Expression In

Head and Neck Squamous Cell Carcinoma (HNSCC) with an Adenovirus

Vector Expressing Wlldtype p53"

1.0 OBJECTIVES

1.1 To determine the maximum tolerated dose of the wild-type p53 adenovirus vector in patients with

refractory HNSCC.

1.2 To determine the qualitative and quantitative toxicity and reversibility of toxicity of this treatment

approach.

1 .3 To document observed antitumor activity of this treatment approach.

2.0 BACKGROUND AND RATIONALE

2 . i Molecular events in HNSCC

Head and Neck Squamous Cell Carcinoma accounts for nearly 45,000 thousand new cancers per year

in the United States and in several parts of the world is one of the most frequent cancers.

Nevertheless, mortality remains at nearly 55% and has not significantly changed since contemporary

radiation therapy was implemented over thirty years ago. Patients with HNSCC are afflicted with a

disease process which may have profound effects on speech, swallowing, cosmesis, and frequently

cause social isolation. Unfortunately, all current treatment modalities, including radiation therapy,

surgery, and chemotherapy, continue to have limited effectiveness in patients with advanced
disease. Local/regional control remains a major issue in this patient population with only

approximately 10% of patients with advanced disease succumbing to distant disease alone. The
rational development of new therapies for HNSCC will depend on an understanding of the biology of

this cancer at the molecular l^vel. Molecular analysis has identified critical molecular events leading to

HNSCC development and progression. The goal of this research is to directly modify the cancer cell to

express large quantities of exogenously introduced a normal tumor suppressor gene product that

suppresses the characteristics of the malignant phenotype.

The purpose of this protocol is to investigate molecular mechanisms that may influence the growth

and progression of HNSCC; our goal is development of therapeutic agents specifically targeted at the

molecular level. Approximately 80-85% of head and neck cancers are squamous cell carcinomas.

Much of the current data on the molecular progression model of HNSCC has shown that multiple

molecular events occur in the carcinogenic cascade. Although molecular studies have shown p53,

int-2, Rb, Prad-1
,
and c-erb B2/Neu may all be involved in HNSCC, loss of heterozygosity

microsatellite analysis has shown 3p, 9p, 14q, and 17p are frequent sites of loss (>40%) in adjacent

premalignant areas. 1 The control and survival rates of patients with advanced head and neck cancers

are low despite aggressive local regional therapy. Although dramatic responses have been observed

with chemotherapy, its impact upon survival is minimal. Established biologic predictors of chemo or

radiation therapy response have remained elusive. HNSCC also may serve as a model for other

carcinogen-induced malignancies. The approaches and observations developed in this study may be

applicable to other types of epithelial cancers.

Abundant evidence has accumulated that the process of malignant transformation is mediated by a

genetic paradigms. The major lesions detected in cancer cells occur in dominant oncogenes and
tumor suppressor genes. Dominant oncogenes have alterations in a class of genes called proto-

oncogenes, which participate in critical normal cell functions, including signal transduction and
transcription. Primary modifications in the dominant oncogenes that confer the ability to transform

include point mutations, translocations, rearrangements, and amplification. Tumor suppressor genes
appear to require homozygous loss of function, by mutation, deletion, or a combination of these for

transformation to occur. Some tumor suppressor genes appear to play a role in the governance of

proliferation by regulation of transcription. It is possible that modification of the expression of
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dominant tumor suppressor genes may influence certain characteristics of cells that contribute to the

malignant phenotype.

Despite increasing knowledge of the mechanisms involved in oncogene-mediated transformation,

little progress has occurred in developing therapeutic strategies that specifically target oncogenes
and their products. Initially, research in this area was focused on dominant oncogenes, as these were
the first to be characterized. DNA-mediated gene transfer studies showed acquisition of the malignant

phenotype by normal cells following the transfer of DNA from malignant human tumors. Activated

oncogenes of the ras family were identified by this technique with transfection of human DNA into

mouse NIH 3T3 cells. More recently a class of tumor suppressor genes have been identified. Mutation

or deletion of both copies of a tumor suppressor gene is required to eliminate its function and cause

the cell to acquire characteristics of the malignant phenotype.

Tumor Suppressor Gene Mutations in Head and Neck Squamous Cell Carcinoma

The p53 gene is the most frequently mutated gene yet identified in human cancers. It is mutated in

over 50% of human HNSCC3
. The p53 gene encodes a 375-amino-acid phosphoprotein that can

form complexes with viral proteins such as large-T antigen and E1B4
. Missense mutations are

common for the p53 gene and are essential for the transforming ability of the oncogene. The wildtype

p53 gene may directly suppress uncontrolled cell growth or indirectly activate genes that suppress

this growth. Thus, absence or inactivation of wildtype p53 may contribute to transformation. However,

some studies indicate that the presence of mutant p53 may be necessary for full expression of the

transforming potential of the gene. Mutations of p53 are common in a wide spectrum of tumors5-8 ;

they occur in both HNSCC cell lines and fresh tumors9 . Additionally, they occur in second primary

cancers that may arise in over 20% of head and neck cancer patients. 10

An option for specific targeting of tumor suppressor genes is replacement of a deleted or mutated

tumor suppressor gene. Progress in the understanding of the critical genes involved in tumor

development and in technology for altering gene expression logically led to our studies of techniques

for achieving these options.
t

Our working hypothesis Is that overexpression of a wildtype p53 tumor suppressor
gene in the cancer cell can potentially reverse critical features of the malignant

phenotype of that cell. This finding has important therapeutic implications. Cancer cells have

multiple genetic alterations. Therapy directed toward oncogenes will be practical only if therapeutic

effects occur with targeting of one or two genes. It is unlikely that any therapy targeting oncogenes or

their products will be absolutely specific for cancer cells. If other genes can compensate for loss of

normal function by a specific oncogene mediated by an antisense construct, the harmful effects of

the therapy will be reduced. Studies from Roth et al. indicate that reversal of a single genetic

alteration has profound effects on the growth and tumorigenicity of carcinoma cells 11 . Additional

support for this concept comes from a recent study by Soriano and co-workers 12 in which transgenic

mice were created that lacked a functional c-src proto-oncogene. The resulting developmental defect

in the mice was osteopetrosis. The ubiquity of c-src, its high degree of conservation among species,

and its role in mitosis suggest that inactivation would be lethal, but this was not the case; viable mice

were recovered. A possible explanation is that other closely related nonreceptor tyrosine kinases

such as yes and fyn can compensate for loss of c-src. Introduction of a single copy of a wildtype tumor

suppressor gene into normal cells would be unlikely to have adverse effects if it occurred during

therapy directed at replacing inactivated tumor suppressor genes in cancer cells. To support this,

work in our laboratory has investigated the effect of exogenous wild-type p53 transduced in non-

malignant fibroblasts and found that no alteration in cell growth or morphology occurs as compared to

tumor cells that undergo cell cycle arrest, inhibition of tumorigenicity and apoptosis, (dayman,
unpublished data Appendix D. Figure 6.)

Wild-type p53 appears dominant over its mutant gene and will select against proliferation when
transfected into cells with the mutant gene 11 - 13 . Our experiments have shown that expression of the

transfected wtp53 does not affect the growth of non-mafignant cells with endogenous wtp53. Thus,

such constructs might be taken up by normal cells without adverse effects. This protocol wjll study
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local or regional delivery of wtp53 to HNSCC patients with unresectable regionally metastatic

squamous cell carcinomas, unresectable local cancers, or advanced local and/or regional HNSCC that

have failed prior treatment which included radiation therapy but remains locally and regionally

resectable. The efficiency of delivery and gene expression will be evaluated both in head and neck
cancer cells and in nor mal cells in vivo . This is of importance for tne design of constructs that may be
useful therapeutically. The effects of these constructs on clinical progression of the cancer will also be
studied.

These approaches may lead to cancer therapy based on direct alteration of gene expression in cancer

cells. Current therapy relies on attempts to kill or remove the last cancer cell. However, tumor cell

dormancy is an established phenomenon making effective killing highly unlikely. Although inhibition

of expression of some oncogenes may be lethal to the cancer cell, in some cases cell replication will

slow or cease, thus rendering these cancers clinically dormant. Nevertheless, the chosen delivery

method of adenovirus vectors addresses this dormancy issue since transduction by the vector is cell

cycle independent. Even if absolute specificity is not achieved, single oncogenes or tumor

suppressor genes may still be important targets, because it is likely that adverse effects to normal cells

will be minimal as well as transient with the transient adenovirus vector chosen.

Programmed cell death, also known as apoptosis, shows a characteristic pattern of DNA fragmentation

resulting from cleavage of nuclear DNA and is considered to be a selective process of physiologic cell

deletion. It has recently been reported that the wtp53gene is involved in mediating programmed cell

death of some types of tumor cells 1
.
4-16

. Our studies have shown that independent of the

endogenous p53 status (homozygous mutated or wild-type), HNSCC cells transduced with

recombinant adenovirus-mediated wtp53gene exhibit histologic alterations both by light field and

electron microscopy that are consistent with apoptosis. Similarly, in vitro infection with the same
vector induces specific DNA fragmentation consistent with this mechanistic hypothesis.

Nevertheless, this is in contrast to normal cells with wildtype p53 which are unaffected by wildtype

p53. Direct injection of adenovirus p53 into subcutaneously established and microscopic HNSCC
tumors in nu/nu mice induces apoptosis and dose response destruction and inhibition of tumor

development and growth.(Clayman, unpublished data, Appendix D) These changes occur

independent of the HNSCC tumor cell line endogenous p53 status (wildtype or mutated). These

results support the use of this strategy in a clinical trial.

2.2 Natural history of locally unresectable HNSCC and M.D. Anderson Patient Patterns

Patients with HNSCC die of their cancer in approximately 55% of cases and failure of therapy at the

primary or regional tumor site is a significant problem 16
-
1^ Of the 45,000 patients newly diagnosed

with head and neck cancer in 1991
,
nearly half underwent surgical resection with or without radiation

therapy. Local and or regional recurrence as the first site of failure will occur in approximately 22,000

of all of those patients independent of the treatment modality chosen (surgery, radiation therapy,

chemotherapy or combinations thereof). Thus, nearly 22,000 patients per year could benefit from

improved local-regional therapy. Patients with local/ regionally unresectable HNSCC, that has failed

radiation therapy, have a median survival of approximately 6 months and no known systemic

chemotherapy has shown significant survival benefit among these patients. The Department of Head
and Neck Surgery at the University of Texas M. D. Anderson Cancer Center has extensive experience

in the treatment of patients afflicted with squamous carcinoma of the upper aerodigestive tract. Over

1200 patients with head and neck cancer are seen yearly and over 600 of these patients undergo

resections. From September 1992 to August 1993, 469 patients with local/regional squamous cell of

the upper aerodigestive tract (no evidence of distant metastasis) were referred to the Department of

Head and Neck Surgery at M. D. Anderson Cancer Center; 1 13 had prior radiation therapy ( 52
radiation therapy only, 40 surgery and radiation therapy, 13 chemotherapy and radiation therapy, and

8 chemotherapy + radiation therapy + surgery). Of these 1 13, 84 had local/regional squamous cell

carcinoma without distant metastasis.

2.2.1 Measure of disease activity

The goal of this therapy Is to halt or reverse the manifestations of the disease. The efficacy of
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therapy in this group of patients will be measured by determining length of patient survival and
reduction in measurable tumor mass. There is no curative therapy for this stage of disease and
thus the outcome is predictable enough to allow for an assessment of the results of gene
therapy. The measurements that will be used are described in Section 7.0.

2.2.2 Anticipated effect of protocol treatment

It is anticipated that the administration of the adenovirus wildtype p53 will decrease the rate of

proliferation of these cells and induce apoptosis of infected malignant cells. This would

reduce the growth rate or cause regression of primary and/or nodal disease and therefore

relieve symptoms and potentially prolong the patient's survival.

2.2.3 Alternative therapies

Patients with unresectable squamous cell carcinoma of the head and neck that have failed or

are unable to receive external beam radiotherapy will be considered for this protocol. Existing

therapies for this condition offers only the potential for short-term palliation. Most patients

have recurred despite external beam radiotherapy.Patients receiving this treatment have a

median survival of approximately 6 months. Patients failing brachytherapy would also be

eligible to receive gene therapy. In those patients that may still have potentially resectable

tumor, which has failed radiation therapy (alone or in combination with prior surgery or

chemotherapy), in which tumor can be surgically excised following adenovirus p53 gene
therapy and then additional gene therapy can be delivered to the surgical bed after the tumor

volume has been drastically reduced to microscopic disease will also be eligible. These
patients, although technically resectable have the same prognosis as unresectable patients.

Patients with unresectable local-regional tumors who have failed surgery or radiation therapy

have a poor prognosis. Chemotherapy is only palliative and the median survival remains less

than 6 months. The administration of the adenovirus constructs would not preclude the

patient from receiving other palliative therapy if the tumor progresses.

2.3

Structure and characteristics of the biological system

2.3.1 Restoration of expression of wtp53gene product

2.3.1 .1 Preliminary studies with plasmid DNA

The p53 gene is the most commonly altered gene yet described in human cancers.

To study this gene, a cell culture model system of cell lines varying in p53 expression

was established. The H322a adenocarcinoma cell line expresses the mutant p53
protein as shown by the presence of high levels of endogenous p53 mRNA and

phosphorylated protein. We showed that the H322a cell line has a G:T transversion at

codon 248 (Arg to Leu) with absence of the wildtype allele. The H322a cell line has a

homozygous p53 deletion. The H460a and H226b cell lines are homozygous for the

wildtype p53. Expression vectors for sense (S-p53) and antisense p53 (AS-p53)

cDNA with a 6-actin promoter were constructed to study the effect of wtp53

expressed in lung cancer cells with mutant or deleted p53 and the effects of reducing

wildtype and mutant p53 expression 11
.

Stable transfectants of p53 mutant cells (H322a) or deleted p53 (H358) expressing S-

p53 could not be rescued. Failure to isolate colonies expressing sense p53 RNA in

cells with homozygous mutant or deleted alleles shows that wtp53 can suppress in

vitro cancer cell growth in cells expressing a mutant p53 or having a homozygous p53
deletion.

In general, transfection with antisense p53 (AS-p53) reduced colony formation (10-

fold) by cells with endogenous mutant p53. This indicates that expression of mutant

p53 contributes to the transformed phenotype. As expected, cells with wto#*
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(H226b) showed increased tumorigenicity when transfected with AS-p53. The
H226b cells expressing AS-p53grow significantly more rapidly in nu/nu mice than the
cells transfected with the control plasmid. This indicates that elimination of the wtp53
gene product enhances features of the malignant phenotype.

These studies showed that wtp53 is dominant and can suppress the malignant

phenotype in cells with mutant or deleted p53. The presence of the mutant p53
confers transforming potential to the gene product, which can be suppressed by AS-
p53. Thus, in cancer cells both the absence of wtp53 and the presence of certain

p53 mutations may enhance the malignant phenotype.

2.3.1 .2 Generation of recombinant p53 adenovirus.

The p53 expression cassette (Figure 1 ,
Appendix D), which contains human

cytomegalovirus (CMV) promoter21
,
wild-type p53 cDNA, and SV40 early

polyadenylation signal, was inserted between the Xba I and Cla I sites of pXCJL.1
,
a

plasmid kindly provided by Dr. Frank L. Graham of McMaster University, Hamilton,

Ontario, Canada. The p53 shuttle vector (pEC53) and the recombinant plasmid

PJM1722 were cotransfected into 293 cells23 by liposome-mediated transfection with

DOTAP (Boehringer Mannheim Corp., Indianapolis, IN)24 . The transfected cells were
maintained in medium until the onset of the cytopathic effect. Identification of newly

generated p53 recombinant adenoviruses (Ad5CMV-p53) with PCR analysis of the

DNA samples prepared from the cell culture supernatants was described

elsewhere24 . The wild-type sequence of the p53 cDNA in the Ad5CMV-p53 virus was
confirmed by dideoxy DNA sequencing on the CsCI-gradient-purified viral DNA. The
control virus Ad5/RSV/GL2, generated in a similar manner, has a structure similar to

that of Ad5CMV-p53 except a Rous sarcoma viral promoter and luciferase cDNA were

used in its expression cassette. The recombinant adenovirus that carries a E. coli b-

galactosidase gene (LacZ), Ad5CMV-LacZ, also has a structure similar to that of

Ad5CMV-p53, and was kindly provided by Dr. Frank L. Graham. Structural analysis of

the vectors is shown in Fig. 2, Appendix D.

2.3.1 .3 Viral stock, titer, and infection. Individual clones of the Ad5CMV-p53, Ad5/RSV/GL2,

and Ad5CMV-LacZ viruses were obtained by plaque-purification according to the

method of Graham and Prevec25 . Single viral clones were propagated in 293 cells.

The culture medium of the 293 cells showing the completed cytopathic effect was
collected and centrifuged at 1000 x gfor 10 min. The pooled supernatants were

aliquoted and stored at -20°C as viral stocks. The viral titers were determined by

plaque assays25 . Infections of the cell lines were carried out by addition of the viral

solutions (0.5 ml per 60-mm dish) to cell monolayers and incubation at room
temperature for 30 min with brief agitation every 5 min. This was followed by the

addition of culture medium and the return of the infected cells to the 37°C incubator.

2.3. 1.4 Preclinical studies

Expression of exogenous p53 protein In HNSCC cells. To obtain a high

level expression of p53, the human CMV promoter21 was used to drive the p53 cDNA
carried by Ad5CMV-p53. As shown by immunostaining and Western blot in Figures 3

and 4 (Appendix D), a high level of expression of exogenous p53 was achieved in the

HNSCC cell lines Tu138 and Tul77 that were infected by Ad5CMV-p53 at an MOI of

50 PFU/cell. When Tul38 or Tu177 cells were infected at the same MOI, the level of

expression of the exogenous wild-type p53 gene was at least four times higher than

that of the endogenous mutated protein in Tu138 and 14 times higher than that of

the endogenous wild-type protein in MDA 1986 cells (data not shown). The time

course of the expression of the exogenous p53 after a single infection of 10 PFU/cell

was studied in H358 cells. The protein expression peaked at post-infection day 3,

sharply decreased after day 5, and lasted for at least 15 days (Fig. 5, Appendix D).
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PCR analysis on the DNA samples prepared from the Ad5CMV-p53-treated H358
cells failed to detect the viral DNA after post-infection day 15 (data not shown). The
decrease in expression of the exogenous p53 probably resulted from the cellular

attenuation on the CMV promoter or degradation of the viral DNA in the treated cell

population26 . This is a critical point with respect to safety of the vector. Transient p53
expression is sufficient for mediating apoptosis. However, normal cells taking up the

vector will express the exogenous p53 for only a short time.

Effect of exogenous p53 on HNSCC cell growth. Five human HNSCC cell

lines were chosen for this study: cell line Tul 38 and Tul 77, which both have

homozygous mutations of the p53 gene, and cell lines MDA 686, 886 and 1986
which have wild-type p53 genes. Additionally, fibroblasts derived from stromal tissue

culture outgrowth of patients afflicted with head and neck cancer were also assessed.

The cells were treated with Ad5CMV-p53 and dl312 ( replication defective adenovirus

control) at 50 PFU/cell. Triplicate sets of the viral-infected and mock-infected cells

were counted every day for 6 days. Growth rates of the Ad5CMV-p53-infected

HNSCC cells were significantly inhibited compared to that of the mock-infected cells

and dl31 2 infected cells. (Fig. 6., Appendix D). Unlike other epithelial cancer cell lines

previously tested, within 72 hours post-infection, no viable cell colonies can be

obtained in reculturing transduced cell culture dishes. Twenty-four hours after

infection, an apparent morphologic change occurred with portions of the cell

population rounding up and their outer membranes forming blebs. Cells infected with

dl312, (replication-defective adenovirus), demonstrated normal growth characteristics

with no histomorphologic abnormalities. Ad5CMV-p53 had no effect on cell growth or

morphology in non-malignant fibroblasts derived from cancer patients. (Fig. 6,

Appendix D)

Inhibition of tumorigeniclty mediated by Ad5CMV-p53. To examine
whether the Ad5CMV-p53 virus can inhibit tumorigenicity of human HNSCC cells, the

effect of AdCMV-p53 on established subcutaneous tumor nodules was determined

in nude mice in a defined pathogen-free environment. Briefly, following induction of

acepromazine anesthesia, three separate s.c. flaps were elevated on each animal and

5 x 106 cells in 150pl nude mice were injected s.c. After four days, palpable tumors

were noted in each pocket site
(
6mm3 or greater in size) and animals were

reanesthetized, and the flaps were re-elevated for the delivery of 100pJ of a)

Ad5CMVp53 (1

0

8 P.F.U.) in the right anterior flap; b) replication defective adenovirus,

dl31 2, (1

0

8 P.F.U.) in the right posterior flap and c) transport medium alone in the left

posterior flap. Animals were observed daily and sacrificed on day 20 following

experimental interventions.

Seven animals were tested for each cell line. One animal in the Tu-177 group

died following the second flap surgery and delivery of the therapeutic interventions,

presumably due to profound anesthesia and subsequent mutilation by cage mates.

Necropsy revealed no evidence of metastasis or systemic effects. Figure 7,

Appendix D shows representative Tu-138 (left) and Tu-177 recipients (right). Sizable

tumors are apparent on both posterior flaps of the animals (i.e., the sites that did not

receive Ad5CMV-p53). The lack of tumor progression is significant in the right

anterior flaps of the animals, which received Ad5CMV-p53 in both cell lines tested.

That Tu-177 cells have a slower growth rate has previously been established in these

animals (unpublished data). Two animals in the Tu-177 group had complete clinical

and pathologic regression of their established subcutaneous tumor nodule. Two
animals in the Tu-138 group were killed early because they were experiencing rapid

growth and ulceration of the control tumor sites. All surgical sites had developed

lesions of at least 6 mm3 before intervention. The tumor volumes on necropsy are

shown in Table 1.
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Table 1 Effect of Ad5CMV-p53 on Established tumor growth In nude mice8

Treatment

Mean volume

[mm3 ± SEM]
Tu-138 (7) Tu-177 (6)

Ad5CMV-p53 22.3 ± 14 13 ± 18

Ad5(dl312) 803 ± 300 533 ± 148

Medium 1297 ± 511 421 ± 143

Significance p value p value

p53b : dl312 0.03 0.02

p53 : Medium 0.04 0.03

aThe cells were injected subcutaneously at 5 x 1

0

6 cells/flap. Tumor sizes were determined at dav 20

after treatment. Numbers in parentheses represent the number of animals evaluated.
bAd5CMVp53 is abbreviated as p53; d!312 is an abbreviation for Ad5(dl312). Statistical anallysis by
Friedman's two-way anallysis of variance.

The efficacy of Ad5CMV-p53 in inhibiting tumorigenicity was further evaluated in the mouse
model of microscopic residual disease in HNSCC. Representative HNSCC cell-lines of

homozygous mutations, as well as wild-type p53 cell lines were used. In head and neck

cancer, as well as several other solid malignancies, direct gene transfer to microscopic residual

carcinoma may not be so technically difficult. When the primary source of tumor is removed,

the tumor base is readily available for molecular therapy as well as the most likely pathway of

lymphatic spread when a neck lymph node dissection is performed. To investigate these

issues, we designe&our experiments to determine if in vivo adenovirus p53 mediated gene

transfer would effect the establishment or growth of SCCHN cells implanted into a

subcutaneous flap. Athymic nude female mice were anesthetized and three subcutaneous

flaps elevated and the SCCHN cell lines pipetted subcutaneously in order to prevent

erroneous tumor inoculation and dispense a specified number of cells. Following 48 hours,

mice were reinoculated with either adenovirus p53, transport medium alone, and a non-

marker replication defective adenovirus dl312 or the adenovirus 6-galactosidase vector. The

development of tumors was tumor cell number dependent, allotted time for implantation

dependent, and dose dependent upon adenovirus p53. A representative viral dose

response experiment is shown in figure 8, Appendix D. Dose response experiments with the

marker Galactosidase gene clearly demonstrate dose-response transduction efficiency in this

model (figure 8) and was also confirmed by p53 immunohistochemistry three days following

infection (figure 9, Appendix D). In the presence of microscopically implanted tumor of 2.5-

5.0 x 1

0

6 cells treated with adenovirus p53 at 1

0

8 P.F.U. or greater, tumors developed in 2 of

6 animals in only one of the wild-type cell lines (886LN). All other tumor cell line exhibited total

inhibition of tumor development both grossly and histologically. These experiments clearly

indicate that microscopic proliferating tumor cells can be successfully infected in vivo if

exposed to adenovirus p53. Tumor formation was evaluated at the end of a 8-week period by

gross and histologic analysis of the surgical sites. The data of tumor measurements are

summarized in Table II. These results indicate that Ad5CMV-p53 can prevent the formation of

HNSCC in a subcutaneous model of microscopic residual disease.
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Table II. Effect of Ad5CMV-p53 on Tumorigenicity in a Microscopic Residual Disease
Model of HNSCC. 8

Cell line Treatment

No. mice w/

Total Mice (%)

Vehicle (PBS) dl31

2

Ad5CMV-p53

Tu138 (homozygous mutation p53) 8/8 8/8 0/8

Tu177 (homozygous mutation p53) 8/8 8/8 0/8

686 LN (homozygous wild-type p53) 5/8 5/8 0/8

886 (homozygous wild-type p53) 6/6 6/6 2/6

a Mice were inoculated with 2.5 x 106 /flap subcutaneously. On the 2nd day post-inoculation,

the mice were given either vehicle or viruses (1 xl 08 P.F.U. each in 0.1 ml) in the same flap

site in a single intervention strategy. Tumor formation was evaluated at the end of a 8-week

period.

In a treatment strategy to determine the role of repeat treatment of AdCMVp53 in established

tumors, subcutaneously established HNSCC tumor cell lines were peritumorally infiltrated with

either vehicle (PBS) or viruses (1 xl 09 P.F.U. each in 0.1 ml) three times weekly for two

consecutive weeks. Tumor burdens exceeding 1 cm in greatest dimension were utilized in

these studies. A greater than 50% reduction in Tu138 tumor mass was seen in 5/5

animals treated in this study with significant reduction in size compared to control-treated sites

(p< 0.04). (Figure 10, Appendix D
)
No evidence of systemic toxicity was clinically or

histologically noted in whole organ necropsy studies. In additional repeat treatment

studies using smaller established tumors that had reached 75mm3
,
were similarly

peritumorally treated with identical controls as described above. In both Tu177 and Tu138,

following 7 peritumoral AdCMVp53 treatments (3 times weekly), 8 of 9 animals had complete

regression of disease whereas control animals showed continued progression of tumors as

well as no evidence of systemic toxicity in every animal (10 of 10).

5.0

SAFETY INFORMATION

3.1 Continued absence of replication competent infectious virus was determined from sequential

infection experiments. No replicative virus was detectable by PCR analysis of DNA samples from HeLa
cells treated with the frozen/thawed cell extracts from HeLa cells initially infected with Ad5CMV-p53 at

100 PFU/cell, Ad5CMV-p53 was confirmed as a replication-defective and helper-independent virus.

Further confirmation of this was obtained by labeling viral supernatants with
[
3H]Thymidine. Absence

of labeling in extracted DNA showed absence of replication competent adenovirus. These studies

and the following safety studies will be performed by Microbiological Associates, Inc.

3.2 Sterility will be assured by testing for aerobic and anaerobic bacteria, fungus, and mycoplasma. Other

tests to be performed by Microbiological Associates, Rockville, MD include:
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Transmission EM for Viruses

In Vitro Assay for Adventitious Viral Contaminants

In Vivo Assay for Adventitious Viral Contaminants

Isoenzyme & Cytogenetic Analysis

Tumorigenicityc

EBV
CMV
Hepatitis

HIV Co-Cultivation

HTLV 1/2 PCR
Adeno-Associated (AAV) Hybridization

Parvovirus B-19 Hybridization Adenovirus

4.0 PATIENT ELIGIBILITY

4.1 Patients must have histologic proof of squamous cell carcinoma of the head and neck. Patients must

be either unable to receive conventional treatment (e.g. the patient received radiation therapy with or

without surgery) or have failed conventional treatment. Those patients with extensive local or regional

disease that have persisted or recurred following radiation therapy (with or without chemotherapy or

surgery) and have clinically resectable, but likely non-curable (<10% disease free survival) are also

eligible. Patients need not have received a trial of chemotherapy prior to entering this protocol. All

eligible patients will be discussed at the Head and Neck Surgery Multidisciplinary Treatment Planning

Conference prior to protocol enlistment.

4 . 2 Patients must have clinical evidence of advanced local and/or regional cancer which is unresectable or

for which no meaningful resection with surgical margins will be obtainable.

4.3 All patients must have a life expectancy of at least 1 2 weeks and must have a performance status of <2

(Zubrod scale, Appendix B). k

4.4 All patients must sign an informed consent indicating that they are aware of the investigational nature

of this study in keeping with the policies of the hospital. The only acceptable form is the one attached

at the end of this protocol.

4.5 Patients will be tested for HIV prior to entry onto the protocol and must be HIV-negative. Patients with

upper respiratory infections will not be treated until the infection resolves.

4.6 Patients must have adequate bone marrow function (defined as peripheral absolute granulocyte

count of >2,000/mm3 and platelet count of 100,000/mm3 ), adequate liver function (bilirubin ^1.5

mg/dl), and adequate renal function (creatinine <1.5 mg/dl).

4.7. Female patients of child-bearing potential are excluded.

5.0 TREATMENT PLAN

5.1 The study will be an open-label upward dose ranging study for adenovirus-p53vector (Ad5CMV-

p53).

5.2 The study will be done with two groups of patients. The two groups of patients will consist of a)

resectable and b) non-resectable recurrent disease (Refer to 4.1). It is not known what toxicities if

any will be caused by the adenovirus. The first phase of the study will allow assessment of toxicities

related only to the vector. Patients will receive one intratumor injection of Ad5CMV-p53. The initial

dose will be 106 plaque forming units (PFU).

5.3 Three patients will be entered at each dose level with 6 patients entered at the maximum tolerated or

Recombinant DNA Research, Volume 20[
654

]



Protocol HNS 94-001
October 4, 1994
Page 10

maximum attainable dose (limitation imposed by production of the adenovirus).

5.4 Dose Escalation: The adenovirus dose will increase in one logio increments for each group.

Patients entered at a given dose level will not be eligible for dose escalation. We estimate based on
the achievable titers of adenovirus that six dose levels can be done thus requiring 21 patients, in each
group (resectable and non-resectable).

5.5 All patients shall be registered with the Data Management office at 713-792-2926. At the time of

registration, a prestudy form shall be necessary on each patient. When applicable, information

pertaining to important prognostic factors such as tumor histology, pretreatment weight loss,

performance status, disease stage and extent, and prior therapy will be requested.

5 . 6 Patients with local-regional tumors will have injection of a total dose of 1 0 ml for tumors ^ 4 cm in

diameter or 3 ml for tumors < 4 cm in diameter of the adenovirus preparation with the appropriate

number of viral particles at multiple sites percutaneously or transorally. Direct endoscopic injections

may also be used is required. Injections will be placed at approximately 1 centimeter increments.

5.7 The treatment will be repeated three times weekly for two weeks. Dose escalation may proceed after

a minimum two week follow-up of the last patient entered into the previous dose level. Treatment will

continue on a monthly basis as long as there is no tumor progression. After one year the patients will

be evaluated for continuation of therapy.

5.8 Patients will wear a surgical mask for 24 hours following injection of the adenovirus. All medical

personnel will wear masks and face shields routinely during endoscopy and injection of the

adenovirus. Anti-tussives will be prescribed as necessary. All patients will be kept in isolation during

the time they are receiving injections of the adenovirus and for 48 hours after the last injection.

5.9 Those patients with surgically resectable disease will be treated by tumoral injection of adenovirus

preparation as described in 5.6 and 5.7. The treatment will be repeated for two consecutive courses.

Within four days of completion of the second course, the patients will be eligible to proceed with

surgical resection. At the completion of surgical resection, prior to closure, 10ml of adenovirus

preparation will be administered into the surgical defect (operative bed) and allowed to remain in

contact for 60 minutes. The wounds are then closed and drains placed. Post-operatively, on the third

post-operative day (prior to drain removal), 10ml of adenovirus preparation is sterily introduced into

the drains and retrograde placed into the wounds and is allowed to remain for two hours. The drains

are then replaced to suction and removed when indicated by the attending staff surgeon.

6.0

PRE-TREATMENT EVALUATION

6.1 A complete history and physical to include performance status, recent weight loss, usual weight and

concurrent non-malignant disease and its therapy, and all prior anticancer treatments must be

recorded.

6.2 Laboratory studies shall include quantitative immunoglobulins; a CBC with differential and platelet

count; SMA-12 and electrolytes, including creatinine, bilirubin, SGPT, alkaline phosphatase, HIV

analysis, urinalysis, and chest x-ray.

6.3 Any residual toxicity from prior therapies should be recorded using the grading schema in Appendix

C.

6.4 Appropriate studies should be obtained to fully define the extent and severity of existing or

suspected malignant and non-malignant disease.

6.5 Measurements of disease that can be measured on a C.T. scan of the head and neck will be

documented. The location and size must be recorded prior to treatment. A photograph of the area

will be taken at a fixed distance from the lesion. The area will be measured in 2 dimensions (product of
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longest and perpendicular dimensions).6.6

A pretreatment blood sample will be collected and stored lor analysis of leukocytes and serum.

7.0 EVALUATION DURING STUDY

7.1 Patients will have a CBC, platelet count, PT, PTT, SMA-12, electrolytes, and a chest x-ray prior to each
course of therapy. Serum will be collected pre- and post-treatment for analysis of antibodies to

adenovirus proteins.

7.2 History and physical with performance status and weight should be recorded before each course.

7.3 The tumors will be photographed clinically or endoscopically (depending upon site of disease) at the

beginning of each course. Tumor measurements are to be recorded before each course for all

measurable tumors.

7.4 All relevant information regarding viral dosage, tumor response, laboratory examinations, and
treatment-related toxicities must be recorded before each treatment is given.

7.5 Parameters to be Measured In Vitro ?

7.5.1 Core biopsies or incisional biopsies will be obtained of accessible local and or regional tumor.

Tumor specimens will be collected 72 hrs. after the last injection of the adenovirus during the

first treatment cycle. Tissue will be fixed immediately in 4% paraformaldehyde and 0.5%
glutaraldehyde at 4°C and 1 0% formalin for histopathologic verification and evaluation. This

will permit extraction of DNA and RNA and permit in situ hybridization.

7.5.2 Biopsies will be analyzed for incorporation of the transduced gene into the host genomic DNA
and expression of the transduced gene at the RNA level by standard hybridization

techniques following polymerase chain reaction. Pre- and post infected tissue biopsies will

be evaluated histopathologically for any cytomorphologic changes. Tissue blocks will be

retained for further evaluation of the p53 by immunohistochemistry and in-situ hybridization.

7.5.3 All patients will be evaluable for response and toxicity following one course of therapy.

7.6 An autopsy will be requested and immediately performed on all patients enrolled in the protocol who
die. DNA will be extracted from tumor and normal tissues to determine if the adenovirus genes are

present and expressed. PCR amplification of specific sequences will be used to determine this.

7.7 A blood sample will be collected three times at one-half hour intervals following injection of the

adenovirus. These samples will provide leukocytes to analyze for uptake of adenovirus DNA. Serum
will be tested for antibodies to adenovirus proteins. This will be done by western blot analysis

performed by Microbiological Associates, Inc. (Rockville, MD). Patients will be tested monthly during

treatment, monthly for the first three months following completion of treatment, every three months

for the remainder of the year following completion of treatment, and then at least yearly thereafter.

Urine and sputum samples are analyzed daily following virus treatment for adenovirus antibodies.

7.8 Normal tissue samples will be collected during the follow-up visits and endoscopies. These will

include samples of non-malignant mucosa, lymphocytes, and germ cells, if possible. These tissues

will be analyzed for incorporation of the adenovirus.

7.9 A staging CT scan of the head and neck to evaluate local and regional disease will be obtained on an

every three month basis during treatment.

CRITERIA FOR RESPONSE AND TOXICITY

8 . 1 The graded toxicity scale used in this study has been previously described29 . Three patients will be
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initially entered at each dose level in each group (resectable and non-resectable). If one patient in

the cohort of 3 develops grade 3 toxicity for any system except hematologic (grade 4 required), an
additional 3 patients will be entered at that dose level. If 2 of the 6 patients develop grade 3 (grade 4

hematologic) or greater toxicities, the next lower dose level not causing these toxicities is declared

the Maximum Tolerated Dose (MTD). If MTD toxicity were to occur, patients couid continue treatment

at the next lower dose level. The MTD will be determined separately for each phase of the study.lf

MTD toxicity occurs in a cohort of 3 patients, then the next 3 patients may bypass the adenovirus

alone phase and initially receive the adenovirus and cisplatin to establish the MTD for this

combination.

8.2 The tumor bed and or neck will be photographed prior to each course of therapy for aerodigestive

tract primary lesions.

8.3 The longest diameter and its perpendicular will be measured will be determined for measurable

lesions. Size will be reported as the product of the diameters.

8.4 The rate of regrowth of the tumor will be calculated from the above measurements.

8.5 Patients will be evaluable for response if they have received at least one course of therapy. A
complete response is defined as disappearance of all clinical evidence of tumor without the

appearance of new lesions for a period of at least four weeks. Patients evaluable for a less-than-

complete response must have had a bidimensionally measurable tumor. Partial response is defined as

a 50% or greater reduction in the sum of the products of the diameters of the measurable disease; a

minor response is defined as a 25% to less than 50% reduction in the sum of the products of the

diameters of the measurable lesion. Patients are designated as having progressive disease if they

show a 25% or greater increase in the size of their disease or if they develop unequivocal new lesions

during treatment, and having no change if they have any tumor change not meeting the criteria

described above.

8.6 The time to progression will t^e measured from the first observation with reduction in tumor bulk until

there is evidence of progressive disease. Progressive disease is defined as an increase of ^ 25% in

the sum of the products of the diameters of the measured lesion. Patients must have received at least

two courses of therapy before a designation of progression is made. The survival of patients will be

measured from entry into protocol.

8.7 Alternative biologic endpoints will also be monitored. Pre-therapy and three days following the final

treatment biopsies will be obtained and analyzed as described in section 7.5.2. Percentage of

transfected cells in 3 random 100 x magnification fields will be determined. Maximal transduction rate

will be determined by in-situ and immunohistochemically.

8.8 All toxicities encountered during the study will be evaluated according to the grading system (0-4) in

Appendix C and recorded prior to each course of therapy. Duration of the toxicity and its treatment will

be recorded. Life-threatening toxicities should be reported immediately to the Study Chairperson,

who in turn, must notify the IRB, RAC, and FDA.

9.0

CRITERIA FOR DISCONTINUING THERAPY

9.1 Progression of obstructing airway tumor that has recurred after a minimum of 2 courses of treatment.

9.2 The development of unacceptable toxicity defined as unpredictable, irreversible, or Grade 4 (non-

hematologic). Patient refusal of therapy due to a specific toxicity should be graded as 4 and an

explanatory note recorded.

9.3 Non-compliance by patient with protocol requirements.

9.4 Patient refusal to continue treatment.
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10.0

11.0

12.0

1 .

2 .

3.

4.

5.

6.

7.

8 .

9.

10 .

11 .

9.5 Criteria for removal from protocol:

a) Refusal to continue study participation

b) Significant hemoptysis

c) Coagulopathy

d) Progressive pneumonitis or other infectious processes.

DATA AND PROTOCOL MANAGEMENT

10.1 Protocol Compliance: The attending physician and oncology research nurse must see patients prior

to drug administration. All required interim and pretreatment data should be available and the

physician must have a designation as to tumor response and toxicity grade.

10.2 Data Entry: Data must be entered into the Clinical Data Management System before a course of

therapy can be given. A brief explanation for missing data should be recorded as a comment.

i-

10.3

Accuracy of Data Collection: The Study Chairperson will be the final arbiter of response of toxicity

should a difference of opinion exist.

STATISTICAL EVALUATION

Three patients will be entered at each dose level with 6 patients entered at the maximum tolerated or

maximum attainable dose (limitations imposed by production of the adenovirus). A maximum of 21 patients will

be entered into each study group, for a total of 42 patients for the entire study.
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Appendix D
Vector Sequence

i
Recombinant adenoriruses

^Plaque purification

Ad5CMV-p53 tiral stocks

Figure 1. Scheme for generation of recombinant p53 adenovirus. The p53
expression cassette was inserted between the Xba I and Cla I sites of

pXCJL.1. The p53 expression vector (pEC53) and the recombinant

plasmid pJM17 were cotransfected into 293 cells. The transfected cells

were maintained in medium until the onset of the cytopathic effect.

Identification of newly generated p53 recombinant adenoviruses

(Ad5CMV-p53) by PCR analysis of the DNA samples prepared from the

cell culture supernatants was described elsewhere24

i

I
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Figure 2. Structural analysis of Ad5CMV-p53 DNA. (A) A map of Ad5CMV-p53 genomic
DNA, showing the locations of the p53 expression cassette, the PCR primers,

and the restriction sites. (B) An agarose gel analysis of PCR products. Two
pairs of primers that define 1.4-kb (p53) and 0.86-kb (Ad5) DNA fragments

were used in each reaction. DNA templates used in each reaction were
pEC53 plasmid (lane 1), Ad5/RSV/GL2 DNA (lane 2), no DNA (lane 3), and
Ad5CMV-p53 DNA (lane 4). (C) Restriction mapping of Ad5CMV-p53 DNA.
CsCI-gradient purified Ad5CMV-p53 DNA samples were digested with no
enzyme (U), Hind III (H), Bam HI (B), Eco Rl (E), and Cla I (C), respectively,

and analyzed on 1% agarose gel.
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THE UNIVERSITY OF TEXAS
M. D. ANDERSON CANCER CENTER

Protocol Title: Clinical Protocol for Modification of Tumor Suppressor Gene
Expression in Head and Neck Squamous Cell Carcinoma (HNSCC)
with an Adenovirus Vector Expressing Wild-type p53

1 .

Participant’s Name I.D. Number

You have the right to know about the procedures that are to be used in your participation in

clinical research so as to afford you an opportunity to make the decision whether or not to

undergo the procedure after knowing the risks and hazards involved. This disclosure is not

meant to frighten or alarm you; it is simply an effort to make you better informed so that

you may give or withhold your consent to participate in clinical research. This informed

consent does not supersede other consents you may have signed in other protocols.

DESCRIPTION OF RESEARCH

2. PURPOSE OF THE STUDY: Some cancers that occur in the head and neck area

may be due to a defect in a gene called p53. The purpose of this clinical research

study will be to see whether a normal copy of the p53 gene can be placed inside the

patient’s cancer cells and cause the cancer to grow more slowly or to stop growing.

3. DESCRIPTION OF RESEARCH: To introduce the normal p53 gene into tumor

cells utilizing a defective virus of the adenovirus type which is similar to other

viruses that cause the common cold. This defective virus is called a 'Vector”. These

tumors will be injected directly with the adenovirus three times a week for two

weeks. After two weeks of rest from receiving treatment, tumors will then be

injected again with the virus three times a week for two consecutive weeks. If the

tumor can be removed in its entirety, surgery will be performed for removal of

tumor that is considered completely removable by the patient’s physician. Surgery

must be performed within four days after completion of the last injection of virus.

At the time of surgery, additional virus is placed into the area where the tumor has

been removed. Tubing, which is ordinarily placed in surgical areas, is used to allow

for drainage of fluids from the surgery area. Three days after the tumor has been

removed, virus will be placed into the tubing and allowed to enter the surgical site

once again. If the patient has undergone surgery, this will be the last treatment with

adenovirus.

If the cancer cannot be removed by the physician, this tumor will be injected directly
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three times a week for two consecutive weeks. After two weeks of rest from

treatment, courses of three injections weekly for two consecutive weeks are repeated

on a monthly basis. Injections of adenovirus are continued if tumor continues to

shrink. If there is absence of tumor shrinkage, evidence of tumor growth, or adverse

reactions to the adenovirus injections, treatment will be terminated.

The injections into the tumor are delivered with a skinny needle. If the tumor is

greater than approximately two inches in size, approximately two teaspoons of virus

will be injected into the tumor. Smaller tumors, less than two inches, will be

injected with less than one teaspoon of virus. Multiple injections of virus into the

tumors will be required with these injections being spaced apart by approximately

one-half inch each. Numbing medication may be placed on the overlying skin to

decrease discomfort from injections.

Patients with tumors of the throat or the voice box may also receive the treatment. It

may be necessary to remove a part of the tumor surgically or with a laser before the

treatment with p53 is given. Other patients may require that a tracheostomy is first

performed. A tracheostomy is a surgical operation to make an opening into the

windpipe. Certain routine diagnostic studies will be performed before entry into this

trial. These involve local examination of the tumor by inserting an instrument with a

light into the throat.

If previous specimens are insufficient for laboratory studies related to this research,

additional biopsies will be needed. The treatment will be repeated monthly as long

as there is evidence that the tumor is not growing.

The experimental treatment and costs related to the patient’s participation in this

research and which include clinical examinations, biopsies, and other forms of testing

will be provided free to the patient. A maximum of 42 patients will be entered in

this study. Twenty one patients may have injections of adenovirus with surgery and

twenty one patients may have injections of adenovirus without surgery.

The patient’s course will be followed indefinitely. Dr. dayman’s office should be

notified if an address change is made.

PERMISSION FOR AUTOPSY: In case of death, the family of the patient will be

asked for permission to perform an autopsy.

4. RISKS, SIDE EFFECTS AND DISCOMFORTS TO PARTICIPANTS:

Two small additional biopsies will be required in addition to the initial biopsy. Risks

from biopsies include coughing up blood which is usually slight. Severe hemorrhage

which requires emergency treatment is rare. Biopsy of neck masses may also be

associated with a slight risk of bleeding or infection. This clinical research study

may involve unforeseeable risks to the participant.
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Possibility of Causing a New Cancer. It is possible that the research could cause

cancer in normal cells although this risk is believed to be small when the injected

virus has been properly safety tested prior to its use. The adenovirus vector has only

been used, to date, on the lining of the breathing tube in over twenty patients with no

ill effects noted.

4a. This clinical procedure may involve unforeseeable risks to the unborn

children, therefore, the participants should practice adequate methods of birth

control throughout the period of their involvement in the clinical study if they

are sexually active. To help prevent injury to children, the female participants

should refrain from breast feeding during participation in the clinical research

study.

5. POTENTIAL BENEFITS:

This treatment may result in shrinkage of the tumor, which may decrease cancer

associated symptoms or may prolong life.

6. ALTERNATE PROCEDURES OR TREATMENTS:

Chemotherapy or other experimental drugs may be an alternative for some

individuals. These treatments cause shrinkage of cancer in a number of patients.

Another option is to only control the symptoms of disease and not take chemotherapy

treatment.

UNDERSTANDING OF PARTICIPANTS

7. I have been given an opportunity to ask any questions concerning the procedure

involved and the investigator has been willing to reply to my inquiries. This

procedure will be administered under the above numbered, title, and described

clinical research protocol at this institution. I hereby authorize Dr.

the attending physician/investigator and designated associates, to administer this

procedure.

8. I have been told and understand that my participation in this clinical research study is

voluntary. I may decide not to participate, or withdraw my consent and discontinue

my participation at any time. Such action will be without prejudice and there shall

be no penalty or loss of benefits to which I may otherwise be entitled, and I will

continue to receive treatment by my physician at this institution.

Should I decide not to participate or withdraw my consent from participation in this

clinical research, I have been advised that I should discuss the consequences or
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In addition, I understand that the investigator may discontinue the clinical research

study if, in the sole opinion and discretion of the investigator, the study or treatment

offers me little or no future benefit, or the supply of medication ceases to be

available or other causes prevent continuation of the clinical research study. The

investigator will notify me should such circumstances arise and my physician will

advise me about available treatments which may be of benefit at that time.

I will be informed of any new findings developed during the course of this clinical

research study which might be relevant to my willingness to continue participation in

the study.

9. I have been assured that confidentiality will be preserved except that qualified

monitors from the Food and Drug Administration, Microbiological Associates,

Magenta Corporation (manufacturers of the virus), and National Cancer Institute may
review my records where appropriate and necessary. Qualified monitors shall

include assignees authorized by the Surveillance Committee of this institution

provided that confidentiality is assured and preserved. My name will not be revealed

in any reports or publications resulting from this study, without my expressed

consent.

10. I have been informed that, should I suffer any injury as a result of participation in

this research activity, reasonable medical facilities are available for treatment at this

institution. I understand, however, that I cannot expect to receive any credit or

reimbursement for expenses from this institution or any financial compensation from

this institution for such injury.

11. I have been informed that I should inquire of the attending physician whether or not

there are any services, investigational agents or devices, and/or medications being

offered by the sponsor of this clinical research project at a reduced cost or without

cost.

Costs related to my medical care will be covered by the Introgen Sponsored Research

Agreement. Clarification of specific cost issues may be addressed in section 3 of this

informed consent. I have been given the opportunity to discuss the expenses or costs

associated with my participation in this research activity.

12. It is possible that this research project will result in the development of beneficial

treatments, devices, new drugs, or possible patentable procedures, in which event I

understand that I cannot expect to receive any compensation or benefits from the

subsequent use of information acquired and developed through my participation in

this research project.

13. I understand that refraining from breast feeding and practicing effective contraception

is medically necessary and a prerequisite for my participation in this clinical research

Recombinant DNA Research, Volume 20 [665]



Protocol HNS 94-001

REVISED 11/17/94

Page 5 of 5

study. Should contraception be interrupted or if there is any suspicion of pregnancy,

my participation in this clinical research study will be terminal at e so

discretion of the investigator. . , ~ n T

14. 1 may discuss any questions or problems during or after this stu y wi r. ary

Clayirtan at (713) 792-6920. In addition, I may discuss any problems I may have or

anv questions regarding my rights during or after this study with the Chairman or t e

Surveillance Committee at (713) 792-3220 and may in the event any problem arises

during this clinical research contact the parties named above.

CONSENT

Based upon the above, I consent to participate in the research and have received a copy of

the consent form.

DATE SIGNATURE OF PARTICIPANT

WITNESS OTHER THAN PHYSICIAN SIGNATURE OF PERSON
OR INVESTIGATOR RESPONSIBLE & RELATIONSHIP

I have discussed this clinical research study with the Participant and/or his or her authorized
representative using a language which is understandable and appropriate. I believe that I

have fully informed this participant of the nature of this study and its possible benefits and
risks, and I believe the participant understood this explanation.

PHYSICIAN/INVESTIGATOR

(
666

]
Recombinant DNA Research, Volume 20



Principal Investigator/Program Director (Last, first, middle):

BIOGRAPHICAL SKETCH
Give the following information for the key personnel and consultants and collaborators. Begin with the principal

investigator/program director. Photocopy this page for each person. CVs
NAME

~
" POSITION TITLE

Gary L. dayman, D.D.S., M.D. Assistant Professor of Surgery/ Director of Research

EDUCATION (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training.)

INSTITUTION AND LOCATION DEGREE
YEAR

CONFERRED FIELD OF STUDY

Case Western Reserve Univ, Cleveland, Ohio BS 1978 Biology

Case Western Reserve Univ School of Dentistry DOS 1982 Dentistry

Cleveland, Ohio

NW Ohio Univ Col of Med, Rootstown Ohio MD 1986 Medicine

Univer of Minn,, Minneapolis, MN MS 1991 Immunobiology

RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with present position, list, in chronological order, previous employment, experience, and

honors. Key personnel include the principal investigator and any other individuals who participate in the scientific development or execution of the project.

Key personnel typically will include all individuals with doctoral or other professional degrees, but in some projects will include individuals at the masters or

baccalaureate level provided they contribute in a substantive way to the scientific development or execution of the project. Include present membership on

any Federal Government public advisory committee. UsL in chronological order, the titles, all authors, and complete references to all publications during the

past three years and to representative earfier publications pertinent to this application. DO NOT EXCEED TWO PAGES.

Professional Experiences;

•Case Western Reserve University School of Dentistry

Department of Oral and Maxillofacial Surgery - 1981-1982

•Self Employed Private Practice, General Dentistry - 1982-1986

•Hennepin County Medical Center, University of Minnesota, Internship,

Department of Surgery - 1986-1987

•University of Minnesota Hospitals and Clinics, Residency

Department of Otolaryngology - 1987-1991

•UT M.D. Anderson Cancer Center Research Fellowship

Department of Head and Neck Surgery - 1989-1990

•UT M.D. Anderson Cancer Center Clinical Fellowship

Department of Head and Neck Surgery - 1991-1992

•UT M.D. Anderson Cancer Center, Junior Faculty Associate

Department of Head and Neck Surgery - 1992-1993

•UT M.D. Anderson Cancer Center, Assistant Professor of Surgery and Director of Research

Department of Head and Neck Surgery - 1993 - present

Honors and Awa rds: (6 of 19 listed)

-American Cancer Society Career Development Award - 1993 to present

-American Society for Head and Neck Surgery - Scholastic Award in Basic Science Research - 1992

-The American Cancer Society, Texas Division Oncology Fellowship Award -1991

-University Cancer Foundation Award of UT M.D. Anderson Cancer Center - 1991-92

-The American College of Surgeons Residents Research Award - 1990

-Society of Head and Neck Surgeons Resident/Fellow Clinical Award - 1990

Published Articles (25 of 27): , nn ./00 AOA
1. dayman G, Adams G. Permanent tracheostomy with cervical lipectomy. Laryngoscope; 100.422-424,

2 .

3.

4.

5.

1990

dayman G. Savage HE. Ainsley N. Uu FJ. Schantz SP. Serologic determinants ^urvivaMn patents with

squamous cell carcinoma ot the head and neck. American Journal of Surgery; 160:434-438, 1990.

Schantz SP. dayman G. Uu FJ, Lavedan P, Taylor DL. Pellegrino C Savage HE. The In-vivo biologic eHect

of interleukin-2 and interferon-alpha on natural Immunity In head and neck cancer patients. Archives

Otolaryngology; 116:1302-1308, 1990.
. , , ,

. .

Schantz SP, dayman GL, Dimery I, Moric R. Combination interleukin-2 and interferon-alpha in head and

neck cancer. Cancer Bulletin; 43:133-138, 1991.
, .

dayman GL, Adams G. Modifications of the mandibular swing for preservation of occlusion and function.

Head and Neck Surgery;13:102-106, 1991.

Recombinant DNA Research, Volume 20
[667]



CONTINUATION

PAGE:

STAY

WITHIN

MARGINS

INDICATED

P ncipal inves'-ijator/Program Director (Last, first, middle):

6 .

7.

a

8 .

9.

10 .

1 1 .

12 .

13.

14.

15 .

16.

17.

18.

19.

20 .

21 .

22 .

23.

24.

25.

Cia> man GL. Liu FJ. Taylor DL. Savage HE. Lavedan P, Buchsbaum RM, Trujillo JM, Schantz SP.

mmunomodulation of the induction phase of lymphokine-activated killer activity by acute phase

proteins. Otolaryngology/Head and Neck Surgery; 105:234-239, 1991.

dayman GL. Adams GL. Paugh DR, Koopmann CF Jr. Intracranial complications of paranasal sinusitis:

combined institutional review see comments Laryngoscope 101 (3):234-239, 1991.

dayman GL. Adams GL. Szachowicz EH. Dehner LP. Gorlin RJ. Oropharyngeal desmoid fibromatosis,

congenital glaucoma and cataracts, and a calvarial defect A new syndrome. Otolaryngology.Head and

Neck Surgery; 1 07 ( 1 ): 1 09- 1 14, 1992.

dayman GL Lui FJ. Savage HE. Taylor DL, Lavedan P, Buchsbaum RM, Pellegrino C. Trujillo JM, Young

G, Schantz SP. Acute-phase proteins in patients with head and neck cancer treated with interleukin-

2. interferon alfa. Archives of Otolaryngology-Head and Neck Surgery; 118:41-48, 1992.

dayman GL, Young G, Grimm E, Taylor DL, Schantz SP. Immunologic profile of a patient with

dyskeratosis congenital. Immunology & Allergy Practice; 1 4(4): 17-24, 1992.

Byers RM, dayman GL, Guillamondegui OM, Peters LJ, Goepfert H. Resection of advanced cervical

metastasis prior to definitive radiotherapy for primary squamous carcinoma of the upper aerodigestive

tract. Head and Neck Surgery; 14(2): 133-1 38, 1992.

C 3; man GL, Young G, Taylor DL, Savage HE, Lavedan P, Schantz SP. Detection of regulatory factors

of i/mphokine-activated killer cell activity in head and neck cancer patients treated with interleukin-2

and interferon alpha. Annals of Otology, Rhinology & Laryngology; 101(11 ):909-91 5, 1992.

dayman GL. Acute-phase proteins and interleukin 6 serum level in head and neck cancer. [Letter To
Tne Editor] Archives Otolaryngology Head and Neck Surgery; 118:1366-1367, 1992.

Schantz SP. Dimery I, Lippman SM, dayman GL, Pellegrino C, Morice R. A Phase II study of

interleukin-2 and interferon-alpha in head and neck cancer. Investigational New Drugs 10:217-23,

1992.

Lydiatt DL, Savage HE, Clayman GL, Liu FJ, Sample D, Schantz SP. Serologic determinants of survival

m patients with head and neck cancer, validating a clinical prediction model. The Laryngoscope;
103:13-16, 1993.

Clayman GL, Taylor DL, Liu FJ, Lavedan P, Savage HE, Schantz SP. Serum and acute phase protein
modulation of the effector phase of lymphokine-activated killer cells. Laryngoscope 103(3V299-307
1993.

dayman GL, Cohen J
I ,
Adams GL. Neoplastic seeding of squamous cell carcinoma of the oropharynx.

Head and Neck Journal for the Sciences and Specialties of the Head and Neck 15(3)245-248, 1993.
dayman G, Wang SW. Nicolson GL. El-Naggar A, Mazar A, Henkins J, Blasi F, Goepfert H, Boyd DD.
Regulation of urokinase-type plasminogen activator expression in squamous-cell carcinoma of the oral
cavity. International Journal of Cancer 54:73-80, 1993.
Stern SJ, Goepfert H. Clayman G, Byers R, Wolf P. Orbital preservation in maxillectomy.
Otolaryngology and Head and Neck Surgery 1 09(1 ): 1 11-115, 1993.
Stern SJ. Goepfert H. Clayman G. Byers R, Ang KK. EL-Naggar AK, Wolf P. Squamous cell carcinoma
o ,e maxillary sinus. Archives ol Otolaryngology-Head and Neck Surgery 119(91-964-969 1993
Juarez J. Clayman G. Nakajima M. Tanabe KK, Saya H, Nicolson GL, Boyd O. Role and regulation of
expression of 92-kDa type-IV collagenase (MMP-9) In 2 Invasive squamous-cell-carcinoma cell lines ol
,ha 0fal cavity. International Journal of Cancer 55-10-18 1993

!!• al
nldr ,?• Weber RS ' Bacteriologic profile ol surgical inlection alter antibiotic

prophylaxis. Head and Neck 15:526-531, 1993.

GL D^vi^A.' Si!^
9ley°s-Ribot T

- Remenyik E, Ulmer R, Rapini RP, Sacks PG, dayman
<"*»»»- carcinomas. The

relationship to eurvival. *ch£es of dol^ngl^e^ carcinomas:

(
668

] Recombinant DNA Research, Volume 20



HUMAN GENE TRANSFER PROTOCOL

9412-097 Venook, Alan and Warren, Robert; University of California, San Francisco,

California; Gene Therapy of Primary and Metastatic Malignant Tumors of the

Liver Using ACN53 Via Hepatic Artery Infusion: A Phase / Study.

Date of RAC Approval: 12-2-94

Recombinant DNA Research, Volume 20 [669]



Scientific Abstract

SCIENTIFIC ABSTRACT

Colorectal cancer (CRC) strikes approximately 150,000 P^ems

States with sreater than 40% of these patients destined to die of the disease despite current

medical management Death is commonly due to liver metastases with sequeke including

progressive liver dysfunction. Hepatocellular cancer (HCC) strikes approximately 8,000

patients per year in the United States and about 1.25 million worldwide. Most patients

present with tumors that are unresectable and incurable with existing therapies. The median

survival for CRC patients after diagnosis with liver metastases, and for HCC patients, is

approximately 6 months or less.

The human p53 gene is a tumor suppressor gene involved in the control of cell

proliferadon. Loss of wild-type p53 function is associated with the uncontrolled growth of

manv types of human cancers. The reintroduction and expression of wild-type p53 into

p53-altered tumor cells has been shown to suppress tumor growth or induce apoptosis m
both in vitro and in vivo models. It is estimated that greater than 50% of CRC tumors and

between 30 to 50% of all HCC tumors have p53 alterations.

This study seeks to evaluate the safety, biological efficacy and the effect of dose of ACN53

treatment. ACN53 is a recombinant adenoviral vector containing the wild-type human p53

gene. ACN53 will be administered by infusion via the hepatic artery, for the regional gene

therapy of malignant liver tumors. Study patients will have incurable metastatic (CRC)

malignant tumors of the liver or primary (HCC) cancer, with evidence of p53 alteration in

their liver tumors. In vitro studies have demonstrated p53-specific antiproliferative effects

of ACN53 on human HCC and CRC cells and in vivo studies have demonstrated p53-

specific antiproliferative effects of ACN53 on human CRC cells.

The ACN53 construct is a recombinant, replication-defective, adenovirus derived from

adenovirus serotype 5 (Ad5), subgroup C. The adenoviral Ela, Elb and protein IX coding

sequences are deleted and replaced with the p53 expression cassette. The deleted El region

is necessary for viral replication. The virus is additionally deleted for 1.9 kb of DNA
sequence in Early Region 3, including that sequence encoding the gpl9K protein. The p53
expression cassette contains the human cytomegalovirus immediate early promoter-

enhancer, the adenovirus type 2 tripartite leader sequence and a sequence encoding wild-

ty pe p53 protein. The human cytomegalovirus immediate early promoter-enhancer directs

robust gene expression and the adenovirus type 2 tripartite leader sequence enhances
translational efficiency. Polyadenylation is regulated by the Elb and pIX polyadenylation
signal. All other regulatory elements and replication origins within ACN53 are endogenous
r
. j Ad5. The recombinant adenovirus is similar to other adenoviral vectors reviewed by the

RAC and the FDA except that it contains the additional deletion of the pIX coding
sequence. The deletion in the pIX coding sequence is expected to reduce the frequency of
replication competent adenovirus arising during virus production by reducing the sequence
identity with the El sequences of the 293 production cell line.

: he study design is an open-label, non-randomized, single-dose, dose escalation Phase I

clinical trial anticipated to involve a maximum of 27 patients. ACN53 will be administered
in escalating doses to successive cohorts of patients until the maximum tolerated dose is
determined. Regional ACN53 therapy will be administered as a single bolus infusion via
hepatic artery catheter. The route of administration of ACN53 via hepatic artery infusion is
designed to maximize gene therapy exposure to the malignant tumors while minimizing
exposure to normal tissues outside the liver. The clinical protocol is designed to monitor
treatment toxicity. Another objective is to evaluate the biological efficacy, including
efficiency and stability of gene transfer by analysis of tumor tissues following therapy. As
an important part of this objective the phaimacokinetics of ACN53 will be studied. Clinical
c
^^!?

cc an ti- tumor efficacy will also be collected. In addition, the safety and efficacy
of different doses levels of ACN53 will be studied.
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NON-SCIENTIFIC ABSTRACT Non-Technical Abstract

Colorectal cancer (CRC) afflicts approximately 150,000 patients per year in the United
States, with greater than 40% of these patients destined to die of the disease, despite current

medical management. Death is commonly due to progressive cancer growth in the liver,

which eventually affects liver function. Hepatocellular cancer (HCC) strikes approximately

8,000 patients per year in the United States and about 1.25 million worldwide.
Unfortunately, most patients with these liver tumors cannot be cured with existing medical

treatment. General expectancy for survival of CRC patients after diagnosis with liver

metastases, and for HCC patients, is poor.

The human p53 gene is called a tumor suppressor gene because it is believed to prevent

normal cells from developing into cancer cells. When the p53 gene becomes altered (such

as by loss or mutation) this helps cancers to form. The p53 gene is frequently altered in the

tumors of patients with CRC and HCC. In scientific experiments using cells in the test

tube and in animals, introducing a normal copy of the p53 gene into cancer cells that have
abnormal p53 can cause the cancer cells to grow more slowly, stop growing, or die.

ACN53 is a new gene therapy that contains the p53 gene in a modified virus. The virus is

used to deliver the copy of the gene into the malignant tumor cells. The modified virus has

been constructed from an adenovirus most frequently associated with the common cold.

The virus has been modified so that the parts of the virus necessary to reproduce itself have

been deleted and in turn are replaced by the p53 gene. It is not expected that the resultant

virus will be able to multiply in the patient. The purpose of the study is to determine if the

use of ACN53 in patients is safe. The study will also collect information to see if the

reintroduction of the normal p53 gene into malignant liver tumors that are p53-altered can

cause the tumors to grow more slowly, stop growing, or die. ACN53 will be given to

patients with CRC spread to the liver or with HCC, by a single dose injection into a major
blood vessel leading to the liver. There are two major blood vessels leading to the liver.

The blood vessel selected for injection of ACN53 is the vessel most likely to supply liver

tumors with blood necessary for their growth. The trial will study the safety and effect of

different dose levels of ACN53 using this new therapy. The maximum number of patients

expected to be involved in this study is 27. Only those patients who have evidence of

abnormal p53 in their liver tumors can enroll in the study, thereby, selecting those patients

who may potentially benefit from this gene replacement therapy.

Recombinant DNA Research, Volume 20 [671]



Protocol

Gene Therapy of Primary and Metastatic Malignant Tumors of the Liver Using
ACN53 Via Hepatic Artery Infusion: A Phase I Study

Product: Recombinant adenovirus containing the cloned

human wild-type p53 tumor suppressor gene

(ACN53)

UCSF Protocol Number: 45294

Principal Investigator: Alan P. Venook, M.D.

Robert S. Warren, M.D

Associate Investigators: Thierry Jahan, M.D.

Ernest Ring, M.D.

Medfcar Monitor: JohrrWrPark, M.D.

Company Sponsor: Canji, Inc.

3030 Science Park Road, Suite 302

San Diego, CA 92121

[672] Recombinant DNA Research, Volume 20



Table of Contents

1-.0 Introduction 1

2.0 Study Objectives 4

3 . 0 Eligibility Criteria 4

4.0 Registradon 4

5.0 Pre-Study Evaluation Requirements 6

6.0 Treatment Plan 6

7.0 Study Evaluations 8

8.0 Potential Toxicity, Dose Modifications, and Management 13

9.0 Adverse Drug Reaction (ADR) Reports 14

10.0 Drug Preparation, Formulation, and Availability 15

1 1 .0 Response Criteria 15

12.0 Removal from Study 16

13.0 Concomitant or Ancillary Therapy 16

14.0 Statistical Considerations 17

15.0 References 18

Appendices:

Patient Informed Consent

Appendix A - Evaluation of Performance Status (Kamofsky Scale)

Appendix B - Required Study Evaluations

Appendix C - Toxicity Grading Criteria

Appendix D - Pharmacokinetics

Appendix E - Pharmaceutical Data
Appendix F - Procedure for Determination of p53 Tumor Suppressor Gene Alteration

Appendix G - Assay Methodologies

Recombinant DNA Research, Volume 20 [673]



1.0 INTRODUCTION

1.1 Background

Colorectal cancer (CRC) strikes 150,000 patients per year in the United States, with neater
than 40% of these pauents destined to die of the disease despite current medical
management. Death is commonly due to liver metastases with sequelae including

progressive liver dysfuncdon. Greater than 70% of all padents with recurrent colorectal

cancer develop liver metastases, and autopsy studies indicate that in at least half of these

cases, liver involvement is the sole metastadc site(l). Metastases at other sites typically

occur later in the natural history of the disease. For padents with metastadc liver tumors,

systemic chemotherapy provides only modest benefit, mainly in disease palliadon.

Regional chemotherapy by hepadc artery infusion may offer addidonal benefit in certain

groups of padents, but is also ultimately limi ted as all padents will eventually fail this

therapy (see below). Median survival after diagnosis of unresectable liver metastases is

approximately 6 months, with the extent of liver involvement being the best predictor of
survival dme(2).

Hepatocellular cancer (hepatoma, HCC) strikes only about 15,000 padents per year in the

United States, but about 1,250,000 padents worldwide, making it one of the most common
malignant tumors in the world(3). Most padents present with tumors which are

unresectable, and local recurrence is common even when resecdon is performed. Distant

metastases are infrequendy of clinical significance, yet prognosis is generally dismal for

this disease because of its inexorable progression with concomitant Liver dysfuncdon.

Current therapies are largely ineffectual(4). Median survival is less than 6 months.

1 .2 Regional Therapy of Liver Tumors Via Hepadc Artery Infusion

Regional therapy of malignant liver tumors may be achieved by a number of methods, of

which hepadc artery infusion is the most commonly employed in current clinical pracdce.

The liver has a dual blood supply, with the portal vein supplying 75% and the hepadc
artery 25% of hepadc blood flow. In contrast, malignant liver tumors derive nearly 100%
of their blood supply from the hepadc artery(5). Regional therapy of liver tumors can thus

be obtained via hepadc artery infusion, either following percutaneous catheterizadon of the

hepadc artery or after surgical placement of a hepadc artery catheter attached to a

subcutaneously implanted pumping device. The latter can be used to deliver chemotherapy
via either bolus administradon or continuous infusion.

Hepadc artery infusion therapy of malignant liver tumors offers potendal advantages over

systemic therapy, depending on the agent to be administered. Agents with high total body
clearance will achieve increased concentradons in the liver tumor if given by hepadc artery

infusion. Agents which are efficiendy extracted by the hepadc parenchyma will achieve

reduced systemic exposure, and therefore reduced systemic toxicity, if given by hepadc

artery infusion.

Currendy, liver metastases of colorectal cancer are frequendy treated by hepadc artery

infusion, using fluoropyrimidine-based cytotoxic chemotherapy such as floxuridine

(FUDR) administered by surgically implanted pump. This approach may be superior to

systemic fluoropyrimidine chemotherapy for some padents(6, 7). Hepatocellular cancers

are also frequendy treated with hepadc artery infusion, by surgically implanted pump or by

chemoembolizadon.
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In this study, regional therapy of malignant liver tumors with ACN53 will be evaluated

because of the likelihood that this agent will have both high total body clearance and high
hepatic extraction.

1 .3 Role of p53 in Liver Tumors

The molecular pathogenesis of colorectal cancer is perhaps the best understood of all solid

tumors. In particular, alteration of the tumor suppressor gene p53, via mutation and/or

allelic loss, has been demonstrated to be a critical event in colorectal tumorigenesis.

Because of the important role that p53 normally plays in cell cycle regulation, it is believed

that loss of wild-type p53 function directly promotes tumorigenesis. At least 75% of

colorectal cancers involve p53 alteration.

p53 alterations also occur frequently in hepatocellular cancer. Recent studies indicate that

30-50% of hepatocellular cancers involve p53 loss or mutation, and these include cancers

arising in both high- and low-incidence populations.

Restoration of wild-type p53 function by gene transfer in both colorectal and hepatocellular

cancer cells in culture and in animal models has resulted in suppression of tumor growth,

and in some models has resulted in tumor regression via apoptosis(8).

1 .4 Recombinant Adenoviral Vectors for In Vivo Gene Therapy

Live, wild-type (non-recombinant) adenoviruses have been used clinically as vaccines for

the prophylaxis of adenoviral upper respiratory infection, a disease of low morbidity but

high incidence. These vaccines, which were at one time given routinely to military recruits,

are well-tolerated and are considered non-oncogenic. Recombinant versions of adenovirus

have entered clinical trials, also as oral vaccines. Thus far, they too appear to be without

significant toxicity. Recently, clinical trials using recombinant, replication-defective

adenoviral vectors for gene therapy have been initiated. In these trials, recombinant

adenoviral vectors carrying the gene for the cystic fibrosis transmembrane conductance

regulator (CFTR) are given via intra-airway administration to patients with cystic fibrosis.

There has been no prior research in human subjects involving the in vivo administration of

the wild-type p53 gene for gene therapy.

1.5 Preclinical Studies of ACN53

ACN53 is a novel antineoplastic agent consisting of a recombinant adenoviral vector

containing the cloned human wild-type p53 tumor suppressor gene. Several versions of

recombinant adenoviral vectors containing p53, collectively designated rAd/p53, have been

constructed. In each of these, the adenoviral vector is derived from adenovirus type 5, a

common serotype belonging to subgroup C. For ACN53, the vector has been rendered
replication-defective through deletion of region El, which contains the viral genes El a,

Elb, and protein IX. It is propagated in the human embryonal kidney cell line 293, which
contains adenoviral sequences to support replication of the otherwise replication-defective

ACN53. A cDNA sequence encoding the entire open reading frame of human wild-type

p53 gene has been inserted into the vector. Expression of p53 is directed by the highly

efficient human cytomegalovirus immediate early promoter/enhancer element, while

translation of p53 mRNA is enhanced by the addition of the adenovirus type 2 tripartite

leader sequence.

The antineoplastic activity of ACN53 has been studied both in vitro (tumor cells in culture)

and in vivo (tumor models in animals). In vitro studies using a number of different tumor
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cell lines have shown that ACN53 treatment produces a dose-dependent suppression of

DNA synthesis, as measured by ^H-thymidine incorporation(9). ACN53-mediated
suppression of tumor cell growth has been observed with a variety of p53-altered tumor
cell lines, including those of colorectal, hepatocellular, non-small cell lung, breast, and
ovarian origin. Tumor cell lines which are not p53-altered, as well as non-malignant cells in

culture, exhibit little growth suppression from ACN53. In vivo studies have similarly

shown tumor suppressive effects associated with ACN53-mediated gene therapy(9). The
tumorigenicity in nude mice of human osteosarcoma (Saos-2) and human hepatocellular

carcinoma (Hep3B) cells is suppressed if they are treated with rAd/p53 ex vivo prior to

implantation. Established tumor xenografts derived from human small cell and non-small
cell lung cancer cell lines have been treated with rAd/p53 given by local (peritumoral

subcutaneous) administradon, resulting in suppression of tumor growth. In addidon, a

study of rAd/p53 given locally to established tumor xenografts composed of H69 small cell

lung cancer cells has demonstrated increased survival in treated animals.

1.6 S tudy Rauonale

The use of ACN53 to treat malignant tumors of the Ever constitutes a novel form of cancer

treatment, in which introduction of the wild-type p53 tumor suppressor gene into p53-
altered tumors may inhibit tumor growth and thus.have beneficial clinical impact. The
rationale for the administration of ACN53 via hepatic artery infusion is its potential to

maximize ACN53 exposure to liver tumors while minimizing exposure to normal tissues

outside the liver.

1.7 Study Design

This study seeks to determine the safety, biological efficacy, and effect of dose of ACN53
in the local-regional gene therapy of primary and metastatic malignant tumors of the liver

which suffer p53 alteration. The study design consists of an open-label, non-randomized,

single-dose, dose-escalation Phase I trial.

ACN53 will be administered by hepatic artery infusion to patients with primary

(hepatocellular cancer) or metastatic (colorectal cancer) tumors of the liver. Study patients

will be required to have evidence of p53 alteration in tumor tissue. The study will include

sampling of normal and malignant tissues from the livers of patients following ACN53
treatment. This will greatly facilitate assessments of clinical safety and biological efficacy,

including efficiency and stability of gene transfer. Furthermore, sampling of treated tissues

will require minimal additional morbidity for study patients. For many patients with liver

tumors, especially patients with metastases of colorectal cancer, surgical implantation of a

hepatic artery infusion pump and subsequent regional cytotoxic chemotherapy via hepatic

artery infusion is an appropriate and commonly utilized therapy, as described above. When
these patients elect to be evaluated for this therapy, the evaluation consists of hepatic artery

catheterization and angiography, followed by exploratory laparotomy with pump
placement. These patients will be eligible to enroll in the ACN53 study prior to pump
placement, and will receive ACN53 by hepatic artery infusion immediately following

angiography. The subsequent exploratory laparotomy will proceed after a period of at least

7 days of post-treatment monitoring, and only if post-treatment monitoring discloses no

serious adverse events and the patient is considered surgically fit. If performed, laparotomy

will permit direct visualization of the treated area as well as provide surgically-obtained

tumor and normal tissue for molecular and cellular analysis. Patients in whom exploratory

laparotomy for potential pump placement is not indicated or not elected, including patients

with hepatocellular cancer, will also be eligible to enroll in the ACN53 study, and will

receive hepatic artery catheterization and angiography as part of the study. These patients
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will not undergo exploratory laparotomy following ACN53 treatment, but will instead

undergo fine needle aspiration of the liver tumor and normal liver.

2.0 STUDY OBJECTIVES

2.1 To assess the safety of ACN53 when given as a single hepatic artery bolus infusion.

2.2 To assess the biological efficacy of ACN53 against hepatocellular cancers and liver

metastases of colorectal cancer when given as a single hepatic artery bolus infusion.

Biological efficacy, including efficiency and stability of gene transfer , will be

studied by analysis of tumor tissue following therapy. Clinical evidence of

antitumor efficacy will also be noted.

2.3 To assess the effect of dose of ACN53 given as a single hepatic artery bolus

infusion on safety and efficacy, ACN53 will be given in escalating doses to

successive groups of patients as tolerated. The effect of dose on patient tolerance

and toxicity as well as on biological and clinical efficacy, will be studied. As an

important part of this objective, the pharmacokinetics of ACN53 will be studied.

3.0 ELIGIBILITY CRITERIA

3 . 1 Inclusion Criteria

Patients must fulfill all of the following criteria to be eligible for study admission:

3.1.1 Histologic diagnosis of colorectal carcinoma or hepatocellular carcinoma.

3.1.2 For patients with colorectal carcinoma, documented metastatic tumor or

tumors of the liver.

3.1.3 For patients with hepatocellular carcinoma, disease which is considered

unresectable.

3.1.4 Patients who have elected to undergo exploratory laparotomy with potential

placement of a hepatic artery infusion pump for subsequent chemotherapy
will be eligible for inclusion in this study. Patients must enroll in this study

prior to pump placement. It is not a requirement for inclusion in this study

that patients elect this procedure (exploratory laparotomy with potential

placement of a hepatic artery infusion pump for subsequent chemotherapy).

3.1.5 Evidence of p53 alteration in tumor tissue, as described in Appendix F.

3.1.6 Age: at least 18 years of age and less than 75 years of age.

3.1.7 Life expectancy of at least 3 months.

3.1.8 Adequate performance status (Kamofsky score > 70%; see Appendix A).

3.1.9 Required values for initial laboratory data (other tests are required; see

section 5.0): WBC > 3,000/pl

ANC > 1 ,000/jj.I

Platelet Count > 100,000/pl

Hct >25% (may be transfused prior to enrollment)
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3.1.10

PT (or INR)

PTT
Creatinine

Total Bilirubin

AST, ALT

Within normal range

Within normal range

< 1.8 mg/dl or Cr Cl > 50 cc/min

< 1.5 mg/dl

< 2 x upper limit of normal value

Preserved cardio-pulmonary function:

SaOo > 90% on room air

FEV i > 70% of predicted value

3.1.11 Written informed consent has been obtained from the patient or the patient's legal

representative.

3 .

2

Exclusion Criteria

Patients with any of the following will be excluded from study admission:

3.2.1 Pregnant women.

3.2.2 Patient is fertile, unless using effective contraception for at least 1 month.

3.2.3 Uncontrolled serious bacterial, viral, fungal, or parasitic infection.

3.2.4 Patients who are positive for human immunodeficiency virus (HIV) infection.

3.2.5 Systemic corticosteroid therapy or other immunosuppressive therapy within

the last 3 months.

3.2.6 Prior local-regional anti-tumor therapy directed against the present liver

tumor(s), including radiotherapy, chemotherapy, biological therapy, and
surgery. Prior systemic anti-tumor therapy, such as intravenous cytotoxic

chemotherapy, is not an exclusion criterion.

3.2.7 Participation in another investigational therapy study within the last 3 months.

3.2.8 Any underlying medical condition which in the principal investigators’

opinion will make the administration of ACN53 hazardous or obscure the

interpretation of adverse events.

4.0 REGISTRATION

4. 1 Once a patient has met all enrollment requirements and is eligible for the study, the

patient will be registered by telephone with the University of California, San
Francisco (UCSF) Clinical Research Office at (415) 476-3741, prior to the

initiation of treatment. At the time of registration, all pre-study requirements will be

confirmed and the following information will be collected: name of referring

physician's name, protocol number, name of patient, medical record number, social

security number, sex, race, birthdate, address, and date of patient signing of the

informed consent form.

4.2 All patient registrations will be entered with Canji, Inc. by telephone at

(619) 597-0177 or by facsimile transmission at (619) 597-0237.
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5.0

PRE-STUDY EVALUATION REQUIREMENTS

5.J p53 status of tumor tissue (altered p53 is an admission requirement; see Appendix F).

5.2 The following must be performed within 2 weeks prior to study admission (except

where noted):

5.2.1 Complete history, physical examination, and toxicity evaluauon, including:

Performance status (Appendix A).

Height and weight, body surface area.

Baseline toxicity evaluation.

5.2.2 Laboratory screening (^eligibility criteria - see Section 3.8):

CBC with differential*, platelet count*.

Serum electrolytes (sodium, potassium, chloride, bicarbonate), BUN,
creatinine*, glucose, uric acid, albumin, total protein, calcium,

phosphorus, and magnesium.
AST*, ALT*, total bilirubin*, alkaline phosphatase, LDH.
PT*, PTT*.
Hepatitis B serologies (HBsAg, HBsAb)
Hepatitis C serologies (HCV Ab)
Urinalysis.

5.2.3 Electrocardiogram ( 1 2-lead)

.

5.2.4 Chest x-ray (PA and lateral views).

5.2.5 SaC>2 determination, either by pulse oximetry or arterial blood gas analysis.

5.2.6 Pulmonary function tests, including FEVi.

5.2.7 Abdomen and pelvis CT or MRI scan.

May be performed within 4 weeks prior to study admission.

5.2.8 Tumor markers:

Carcino-embryonic antigen (CEA) for patients with CRC.
Alpha-fetoprotein (AFP) for patients with HCC.

6.0 TREATMENT PLAN

6.1 Route

ACN53 will be administered in 50 to 500 cc of normal (0.9%) saline and infused over 10

to 20 minutes by percutaneous hepatic arterial catheter.
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6.2 Schedule

Each patient will receive a single administration of ACN53 via hepatic arterial catheter.

6.3 Dose

6.3.1 Dosages will be calculated based on functional units of ACN53 (TCED50 units; see

Appendices E and G).

Dose Levels;

Level 0; 1.0 X 107 units

Level 1: 1.0 X108 units

Level 2; 1.0 X109 units

Level 3: 1.0 X 10 10 units

Level 4: 1.0 X 10 11 units

Level 5: 3.3 X 10 11 units

Level 6: 1.0 X 10 12 units

Level 7; 3.3 X 10 12 units

Level 8: 1.0 X 10^3 units

6.3.3 The first 3 patients enrolled in the study will receive ACN53 at Dose Level 1. If no
dose-limiting toxicity (DLT) is observed after a period of at least 7 days of post-

treatment monitoring (see Section 8.0), the next 3 patients will receive ACN53 at

Dose Level 2, and so on. If DLT is observed, the appropriate dose escalation

decision rule will be followed (see below).

6.3.4 Dose Escalation

The dose level will be escalated to the next level according to the following rules.

DLT and MTD are defined in Section 8.2.

# of Patients with DLT
at Current Dose Level Dose Escalation Decision Rule

0 out of 3

1 out of 3

2 out of 3

Enter next 3 patients at the next dose level.

Enter up to 3 additional patients at current

dose level. If none or 1 out of 3 of the second

group experiences DLT, then enter 3 patients

at the next dose level. As soon as 2 of the

second group experience DLT, then the MTD
has been reached at the previous (lower) level

and dose escalation will stop.

Enter up to 3 additional patients at current

dose level. If none experience DLT, then

enter 3 patients at the next dose level. As
soon as any patient of the second group

experiences DLT, the MTD has been reached

at the previous (lower) level and dose

escalation will stop.

[680] Recombinant DNA Research, Volume 20



3 out of 3 The MTD has been reached at the previous
(lower) level and dose escalation will stop.

6.4

Schema

6.4.1 Patients will be admitted to the General Clinical Research Center (GCRC) at

Moffitt-Long Hospital of UCSF Medical Center on the day of treatment (Day 1).

6.4.2 Hepatic angiography will be performed via hepatic artery catheter, placed

percutaneously and with fluoroscopic guidance, in the Interventional Radiology

Suite at Moffitt-Long Hospital of UCSF Medical Center.

6.4.3 Following angiography, ACN53 will be infused via the hepatic artery catheter.

6.4.4 After administration of ACN53, the hepatic artery catheter will be removed.

Patients will be closely observed and hemostasis applied to the arterial

puncture site. Selective percutaneous hepatic vein catheterization will be

performed percutaneously prior to ACN53 administration, and serum
samples obtained from the hepatic vein for pharmacokinetic analysis.

6.4.5 After adequate hemostasis is achieved, patients will return to the GCRC for

further observation and study evaluations. Patients will remain in the GCRC
for at least 72 hours (Days 1-3).

6.4.6 Patients who have elected to undergo exploratory laparotomy with potential

placement of a hepatic artery infusion pump for subsequent chemotherapy
will proceed to laparotomy after an observation period of at least 7 days

following ACN53 treatment, and only if and when they are deemed
surgically fit (see Section 8.4, Criteria for Post-Treatment Laparotomy).

7.0 STUDY EVALUATIONS

7 . 1 Immediate Post-Treatment Monitoring

7.1.1 Vital signs

Vital signs (body temperature, respiratory rate, heart rate, blood pressure)

will be performed immediately prior to infusion, every 15 minutes during

Hour 1, and then at Hours 2, 4, 8, 12, 16, 20, and 24 post-infusion. Vital

signs will then be performed every 8 hours until patient discharge from the

General Clinical Research Center.

7.1.2 Shedding and excretion of ACN53

Urine and stool will be collected from patients on Days 1-3, and will be

assayed for ACN53 by a rapid on-site ELISA assay (Appendix G). If

ACN53 is detected on Day 3, urine and stood collection and ACN53 assay

will continue daily until ACN53 is no longer detected in urine and stool.

Patients will not be discharged from the GCRC until this time. It is likely

that systemic levels of ACN53 given by hepatic artery infusion will be

extremely low because of hepatic extraction and clearance (the
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pharmacokinetic substudy will directly address this question); thus, urine

and stool specimens are anticipated to be negative by Day 3 or earlier.

7.2 Study Evaluadons, Days 1-3

These evaluadons will be performed on Day 1 prior to infusion and repeated on
Days 2 and 3:

7.2.1 Complete history, physical examinadon, and toxicity evaluadon, including:

• Performance status.

• Height and weight, body surface area.

• Toxicity evaluadon.

7.2.2 Laboratory tests

:

• CBC with differential, platelet count.

• Serum electrolytes (sodium, potassium, chloride, bicarbonate), BUN,
creatinine, glucose, uric acid, albumirf, total protein, calcium, phosphorus, and
magnesium.

• AST, ALT, total bilirubin, alkaline phosphatase, LDH.
• PT, PTT.
• Urinalysis.

7.2.3 Special studies

• Pharmacokinetics (Section 7.7)

• Immune responses (Section 7.8)
• Study Serum Bank (Section 7.9)

7 . 3 Weekly Study Evaluations

These evaluations will be performed on Days 7, 14, and 21:

7.3.1 Complete history, physical examination, and toxicity evaluation, as in Section

7.2.1.

7.3.2 Laboratory tests, as in Section 7.2.2.

7.3.3 Special studies

• Pharmacokinetics (Section 7.7)

• Immune responses (Section 7.8)

• Study Serum Bank (Section 7.9)

7 . 4 Exploratory Laparotomy

Patients who have elected to undergo exploratory laparotomy with potential placement of a

hepatic artery infusion pump will proceed to laparotomy after an observation period of at

least 7 days following ACN53 treatment, and only if and when they are deemed surgically

fit (see Section 8.4, Criteria for Post-Treatment Laparotomy) .These patients will have the

following additional evaluations during laparotomy:
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7.4.1 Careful inspection of the liver and adjacent viscera, with observations included in a

detailed operadve report.

7.4.2 Placement of the hepatic artery infusion pump will be performed in the usual

fashion. Pump placement will precede any study-related procedure such as biopsy.

7.4.3 Biopsy of normal liver.

A sample of approximately 1 gram of grossly normal liver which appears to the

operator to be at least 2 cm from gross tumor will be obtained. Hemostasis will be
accomplished using electrocautery. A portion of this biopsy will be sent to the

pathology service for pathologic examination. The remainder of the biopsy will be
cryopreserved in liquid nitrogen, paraformaldehyde, and OCT and submitted to the

Study Tissue Bank for biological efficacy studies (Section 7.9).

7.4.4 Biopsy of malignant liver tumor(s).

For superficial liver tumors, a sample of approximately 1 gram of tumor will be
obtained by wedge biopsy. For deeper liver tumors, a sample of approximately 250
milligrams of tumor wUl be obtained by Tru-cut needle biopsy. Hemostasis will be
accomplished using electrocautery. A portion of this biopsy will be sent to the

pathology service for pathologic examination. The remainder of the biopsy will be
cryopreserved in liquid nitrogen, paraformaldehyde, and OCT and submitted to the

Study Tissue Bank for biological efficacy studies (Section 7.9).

7.5 Fine Needle Aspiration

Patients who do not undergo laparotomy will receive percutaneous fine needle aspiration of

the liver tumor and normal liver as guided by ultrasound or computed tomography. These
patients will have the following additional evaluations:

7.5.1 Ultrasound or CT scan with formal report.

7.5.2 The fine needle aspirates will be submitted for cytopathologic examination, and also

cryopreserved and submitted to the Study Tissue Bank for biological efficacy

studies (Section 7.9).

7.6 Post-Study and Follow-Up Evaluations

Patients will be considered to be actively on study from the time of Study Admission until

the Post-Study Evaluations on Day 28. Patients will be considered associated with the

study after the Post-Study Evaluations and will undergo regular Follow-Up Evaluations for

the duration of their lifetime.

The following evaluations will be performed on an outpatient basis on Day 28 (Post-Study

Evaluations), then every 2 months for one year, then yearly (Follow-Up Evaluations),

except as noted:

7.6.1 Complete history, physical examination, and toxicity evaluation, as in 7.2.1.

7.6.2 Laboratory tests, as in 7.2.2.

7.6.3 Tumor markers:

Recombinant DNA Research, Volume 20 [683]



• Carcino-embryomc antigen (CEA) for patients with CRC.
• Alpha-fetoprotein (AFP) for patients with HCC.

7.6.4 Abdomen and pelvis CT or MRI scan.

To be performed on Day 28 only. If tumor response is noted (Section 1 1.0),

abdominal scan will be repeated at least 28 days later.

7.6.5 Special studies:

• Pharmacokinetics (Section 7.7), to be performed on Day 28 only.

• Immune responses (Section 7.8)

• Study Serum Bank (Section 7.9)

7.7 Pharmacokinetics

Serum samples will be obtained from the hepatic vein and peripheral veins for

pharmacokinetic analysis.

7.7.1 S ampling of hepatic venous blood:

Selective hepadc vein catheterization will be performed percutaneously via either

antecubital vein under fluoroscopic guidance prior to ACN53 administration while

the patient is in the Interventional Radiology Suite. This procedure is part of the

study evaluations and is not part of standard patient care. Serum samples (10 cc of

blood) from the hepatic vein will be obtained for pharmacokinetic analysis in

parallel with sampling of peripheral venous blood pre-infusion and for the first 6

hours post-infusion.

7.7.2 Sampling of peripheral venous blood:

Standard venipuncture of a peripheral vein for 10 cc of blood will be performed

simultaneously with hepatic vein sampling, and then repeated at the additional times

indicated below.

7.7.3 Timing of samples (time following the start of infusion):

Pre-infusion*; 5*, 15*, and 30* minutes; 1*, 6*, 24, 48, and 72 hours; Days 7,

14, 21, and 28. (*these time-points will have both hepatic and peripheral venous

sampling).

7.7.4 Methodology for ACN53 detection: See Appendix D.

7.7.5 Methodology for pharmacokinetic analysis: See Appendix D.

7.8 Immune Responses

An important component of this study is to evaluate the immunogenicity of ACN53 by

measuring the serological response of treated patients to the adenoviral vector and to

recombinant human wild-type p53.

7.8.1 Serologic responses to be assayed:

[
684

]

Recombinant DNA Research, Volume 20



• Anti-adenovirus antibodies.

• Anti-p53 antibodies.

7.8.2 Phlebotomy requirements:

10 cc total of venous blood, concomitantly with the samples for the Study Serum
Bank (Section 7.9).

7.8.3 Timing of samples:

Pre-infusion, Days 7, 14, 21, 28, and as part of the Follow-Up Evaluations during
the first year (Section 7.6).

7.8.4 Methodology: See Appendix G.

7.9 Study Serum Bank

7.9.1 Purpose:

To preserve serum at specific time points for any further evaluations not listed in the

study protocol.

7.9.2 Phlebotomy requirements:

10 cc total of venous blood, concomitantly with the samples for the immune
response assays (Section 7.8).

7.9.3 Timing of samples:

Pre-infusion, Days 7, 14, 21, 28, and as part of the Follow-Up Evaluations during

the first year (Section 7.6).

7.10 Biological Efficacy Studies

One of the main objectives of this study is to assess the biological efficacy of ACN53,
including the efficiency and stability of p53 gene transfer. The molecular and cellular

effects of ACN53 treatment upon normal and malignant tissue will be assayed.

7.10.1 Source of tissue:

Normal and malignant tissue from the ACN53-treated liver will be obtained

during exploratory laparotomy (Section 7.4) or fine needle aspiration (Section

7.5). These materials will then be submitted to the Study Tissue Bank.

7.10.2 Biological effects to be assayed or examined (not all will be performed on material

obtained by FNA):

Distribution of ACN53 infection:

Cell types.

Anatomic and microanatomic location.

Recombinant DNA Research, Volume 20 [685]



p53 transduction efficiency and stability:

Proportion of tumor and normal cells expressing transduced wild-type p53.
Level of wild-type p53 expression in transduced cells.

Phenotypic effects:

Cytologic changes associated with ACN53 infection and/or wild-type p53
transduction, as determined by histopathologic examination of normal and
malignant ussue.

Inflammatory response:

Evidence of inflammation as determined by histopathologic examination of
normal and malignant tissue.

7.10.3

Methodology: See Appendix G.

8.0 POTENTIAL TOXICITY, DOSE MODIFICATIONS, AND MANAGEMENT

8. 1 Toxicity will be assessed using the University of California, San Francisco (UCSF)
Toxicity Criteria (Appendix C). Toxicity will be formally evaluated on Days 1-3, 7,

14, 21, 28, then every 2 months for one year, then yearly (see Section 7.0).

8.2 Definitions

8.2.1 A dose-limiting toxicity (DLT) will be defined in this study as any grade 4 toxicity

or any grade 3 toxicity persisting more than 1 week. Nausea, vomiting, anorexia,

and alopecia will be excluded as dose-limiting toxicities.

8.2.2 The maximum tolerated dose (MTD) will be defmed in this study as that dose level

immediately below the level associated with dose-limiting toxicity in at least 3 out of

6 patients treated at that dose level.

8.3 Dose Modifications

8.3.1 If one of the three patients treated with ACN53 at a given dose level experience

a dose-limiting toxicity (DLT), up to three additional patients will be entered at that

dose level (see Section 6.3.4, Dose Escalation)

8.3.2 If three of the initial patients treated with ACN53 at Dose Level 1 experience a DLT,
the next three patients will be entered at Dose Level 0.

8.3.3 If Dose Level 0 exceeds the maximum tolerated dose, the study will be

terminated.

8.3.4 No patient will receive treatment at a dose level greater than the DLT.

8 . 4 Criteria for Post-Treatment Laparotomy

Patients who have elected to undergo exploratory laparotomy with potential placement of a

hepatic artery infusion pump following ACN53 therapy will proceed to laparotomy if and

only if all of the following are true at the time of the Day 7 Evaluation or later:
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8.4.1 No serious adverse event (Section 9.1.2) has occurred.

8.4.2 Any dose-limiting toxicity (Section 8.2.1) has fully resolved.

8.4.3 It is the clinical judgment of the principal investigator and the attending surgeon that

the study padent is surgically fit and at no greater risk for an adverse event than any
other (non-study) patient by undergoing the laparotomy.

8.5 Toxicity Management

All toxic events will be managed with full and optimal supportive care, including transfer to

the intensive care unit (ICU) if appropriate. See also Section 13.0, Concomitant or

Ancillary Therapy.

9.0

ADVERSE DRUG REACTION (ADR) REPORTS

9.1 Definitions

9.1.1 The terms "adverse event", "adverse experience", and "adverse reaction"

include any adverse event whether or not considered drug-related. This

includes any side effect, injury, toxicity, or sensitivity reaction.

9.1.2 An adverse event is considered serious if any of the following occur:

1) it is fatal or life-threatening;

2) it is severely or permanently disabling;

3) it requires new or prolonged inpatient hospitalization;

4) it involves development of a congenital anomaly or cancer; or

5) it results from an overdose.

9.1.3 An adverse event is considered unexpected if it is not identified in nature,

severity, or frequency in the current investigator brochure.

9.2 Adverse Event Reporting Requirements

9.2.1 Patients will be instructed to report any adverse event to the investigators

(Principal Investigator or Co-Investigator).

9.2.2 All adverse events occurring during participation in the study must be
reported on the appropriate case report form (CRF).

9.2.3 The report will include a description of the severity, duration, and outcome
of the event, and the investigator's opinion regarding the relationship, if

any, between the event and the study treatment.

9.2.4 The Medical Monitor representing Canji, Inc. for this study will be
immediately notified (within 24 hours) of any Grade 3 or 4 toxicity.

Medical Monitor
Telephone:

Pager:

John W. Park, M.D.
(415)476-1421
(415)719-1105

Alternate Contact: Clinical Research
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Canji, Inc.

Telephone: (619) 597-01779.3

Case Report Forms (CRT): Computerized CRF's will be provided by Canji, Inc

10.0 DRUG PREPARATION, FORMULATION, AND AVAILABILITY

10. 1 The study drug, ACN53, will be prepared and provided by Canji, Inc., San Diego, CA.

10.2. Pharmaceutical data, including formulation, manufacturing, and potency is

described in Appendix E.

11.0 RESPONSE CRITERIA

Tumor response to ACN53 is not a primary objective of this study. However,
observations of antitumor activity will be collected.

11.1 Standard criteria will be formally employed to classify the antitumor responses

observed in patients with measurable disease in the liver. Measurable disease will

consist of bidimensionally measurable liver lesions with perpendicular diameters of
> 1 cm x > 1 cm.

11.2 Definitions:

11.2.1 Complete Response (CR):

CR will consist of complete disappearance of all evidence of disease

lasting for > 28 days.

1 1 .2.2 Partial Response (PR):

PR will consist of a 50% or greater reduction in the sum of the products

of the perpendicular diameters of all measurable lesions lasting for > 28
days. Every individual lesion need not regress for classification as PR.
However, progression (as defined in 12.4) of any individual lesion or the

appearance of new measurable lesions negates the classification as PR,
and may constitute a mixed response (see 12.1.6).

11.2.3 Minor Response (MR)

:

MR will consist of a 25-50% reduction in the sum of the products of the

perpendicular diameters of all measurable lesions lasting for > 28 days.

Every individual lesion need not regress for classification as MR.
However, progression (as defined in 12.4) of any individual lesion or the

appearance of new measurable lesions negates the classification as MR
and may constitute a mixed response (see 12.1.6).

1 1 .2.4 Stable Disease (SD):

SD is defined as neither response (CR, PR, MR) or progression (PD).

11.2.5 Progression (PD):
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PD consists of greater than 25% increase in the sum of the perpendicular

diameters of all measurable masses, or the appearance of new measurable
lesions.

1 1 .2.6 Mixed Response:

Simultaneous progression and regression of measurable lesions or other

indices of response will be called a mixed response and scored as disease

progression (PD) for the purposes of this study.

12.0 REMOVAL FROM STUDY

12.1 Patients may withdraw or be removed from the study for any of the following reasons cited

below.

Criteria for Patient Removal:

12.1.1 Patient's request to withdraw.

12.1.2 Patient unwilling or unable to comply with study requirements.

12.1.3 Clinical need for concomitant or ancillary therapy not permitted in the study.

12.1.4 Any unacceptable treatment-related toxicity precluding further participation in the

study.

12.1.5 Unrelated intercurrent illness which, in the judgment of the principal

investigator, will affect assessments of clinical status to a significant degree.

12.2 A patient removed from the study prior to any of the scheduled response evaluations will be

considered inevaluable for response.

13.0 CONCOMITANT OR ANCILLARY THERAPY

13.1 Concomitant Medications

13.1.1 Padents may be premedicated prior to ACN53 administradon at the investigator's

discretion with acetaminophen, diphenhydramine, and/or benzodiazepines.

Corticosteroids are not to be given for routine premedication.

13.1.2 Any specific antitumor treatment including cytotoxic chemotherapy, hormonal
therapy, biological therapy, radiation therapy, and oncologic surgery must not be

administered or performed while the patient is actively on study (from Study
Admission to the time of Post-Study Evaluation; see Section 7.6).

13.1.3 Patients must not receive any other investigational drugs while actively on study

(from Study Admission to the time of Post-Study Evaluation; see Section 7.6).

13.2 Patients will receive full supportive care including transfusions of blood and blood

products, intravenous fluids, antibiotics, antiemetics, analgesics, antipyretics, etc., when
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clinically indicated. The indicadon(s) for treatment, dosage, and dates of treatment will be
recorded on the study flow sheets.

14.0 STATISTICAL CONSIDERATIONS

14.1 Sample Size

The sample size of 3 patients per dose level was selected to allow expeditious assessment
of toxicity prior to further treatment.

14.2 Feasibility

14.2.1 Patient Accrual

Approximately 150 new colorectal and hepatocellular cancer patients are seen each
year by the Gastrointestinal Oncology Service at University of California, San
Francisco. Of the patients with colorectal cancer, approximately 50 will have liver

metastases as the sole or predominant site of disease and will be candidates for

hepatic artery infusion therapy.

14.2.2 Study Duration

Based on current activity patterns and anticipated concurrent protocols involving

malignant liver tumors, the accrual of 18-24 patients is expected to take

approximately 6-9 months.

14.3 Analysis

14.3.1 Pharmacokinetics Analysis

The study will explore the relationships among pharmacokinetic parameters (see

Appendix D), toxicity, and biological efficacy. This analysis will utilize methods

stated in Section 14.3.3.

14.3.2 Analysis of Gene Transfer Efficiency

The study will explore the relationship between dose of ACN53 and efficiency of

transduction (gene transfer). This analysis will utilize methods stated in Section

14.3.3.

14.3.3 Analysis of Clinical Efficacy

Evaluation of clinical efficacy is not a primary objective of this study. However,
treatment effect will be estimated as the proportion of patients with objective

responses (complete or partial response) following ACN53 therapy. Chi -square

tests and logistic regression will be used to analyze which variables are significant

predictors of response.

14.3.4 S urvival Analysis

The Kaplan-Meier method will be used to estimate progression-free survival.
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Appendix 1

Recombinant Adenovirus

ACN53
^lajorJjateTranscri^^

.HI E3 Deletion
Ad5<fl327

Delete Ela,Elb and pDC pK

ITR CMV TPL P53

Figure 1 This schematic diagram depicts the genomic structure of ACN53. The p53

expression cassette replaces the endogenous Ad5/dl327 Early region 1 (El). The locations

of early regions 1 through 4 (E1-E4), protein IX gene (pDC), inverted terminal repeat

(UK), human cytomegalovirus immediate early promoter/enhancer (CMV), adenovirus

type 2 tripartite leader (TPL) and p53 cDNA are indicated.

ACN53 is similar to other recombinant adenoviral constructs reviewed by the RAC and FDA,
except that it contains the additional deletion of the pDC coding sequence. This deletion reduces the

homology of the viral DNA with that of the adenoviral sequences in the human 293 cell line, used

for the production of ACN53. Therefore, it is expected that this deletion will result in a lower
frequency of replication competent adenovirus arising during virus production than observed with

viruses deleted for only El a and Elb. In addition, this deletion reduces the packaging capacity of

the virus by approximately 3 Kb, such that an ACN53 virus genome that may have acquired

additional genetic information from the 293 cells cannot be packaged efficiendy.
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Appendix 3

GENERATION OF ACN53

The ACN53 construct was derived from plasmid constructs and adenoviral DNA in the following manner.

Plasmid pAd/CMV/p53/Elb" was derived by inserting the p53 cDNA into the plasmid pAd/CMV.
pAd/CMV/p53/Elb' is based on the pBR322 derivative pML2 and contains, in order, the adenovirus type

5 inverted terminal repeat (HR), the human cytomegalovirus immediate early promoter-enhancer (CMVp),
the adenovirus type 2 tripartite leader (TPL), a 1.4 kb cDNA encoding wild-type p53 and adenovirus type

5 sequences corresponding to Ad5 base pairs 3328 to 5792. To delete the protein EX (pIX) coding

sequence, pAd/CMV/p53/Elb‘ was cleaved with restriction endonucleases NgoMI and Eel 1 3611 and a 4.6

kb fragment containing the pML2 backbone, the ITR, the CMVp, the TPL and the p53 cDNA was isolated

and ligated to a 6.4 Kb Dra I/NgoM I fragment of Ad2 DNA corresponding to Ad2 coordinates 4021-

10457. This ligation was used to transform El coli DH5oc cells to ampicillin resistance to select for the

recombinant plasmid. In the resulting plasmid, pAd/CMV/p53/pEX', the pEX coding sequence is not

present and p53 cDNA is placed adjacent to the polyadenylation signal shared by pIX and Elb. Due to

the high degree of nucleotide sequence identity of Ad2 and Ad5 in the regions contained in the plasmid

(>99%) pAd/CMV/p53/pEX" can readily be recombined with Ad5 serotype viruses to yield Ad2/5 genetic

hybrids which are immunologically serotype 5. To produce ACN53, pAd/CMV/p53/pIX" was cleaved

with EcoR I to linearize the plasmid and co-transfected into the human embryonic kidney cell line 293
with Cla I digested Ad5/dl327. Ad5/dl327 is a serotype 5 derivative containing a 1.9 kb deletion in Early

Region 3 resulting from the deletion of the Xba I restriction fragment extending from Ad5 coordinates

28593 to 30470. Virus resulting from recombination between the plasmid and viral genomes was
expanded on 293 cells and analyzed by restriction analysis and p53 western blotting. The resulting virus,

ACN53, was obtained by plaque purification and further expanded with 293 cells for virus purification.

Note: The following page contains a diagram of the construction of ACN53.

Figure 1 . Diagram of the construction of ACN53. The p53 cDNA was first inserted into the plasmid

pAd/CMV/p53/Elb". In order to delete the pIX gene, this plasmid was modified by removing the adenoviral

sequences adjacent to the 3' end of the p53 cDNA, replacing them with a fragment of Ad2 genomic DNA extending

from base pair 4021 to 10457 (Ad2 nucleotide coordinates). The resulting plasmid, pAd/CMV/p53/pIX' was co-

transfected into 293 cells along with the large fragment of Cla I digested Ad5/dl327. The virus resulting from

recombination of the plasmid and viral DNA in the 293 cell line was designated as ACN53. ACN53 is deleted for

adenoviral sequences between nucleotides 357 and 4021 in the El region. In place of this deletion an expression

cassette was inserted containing the human cytomegalovirus immediate early promoter-enhancer (CMV), the Ad2
tripartite leader (TPL) and the p53 cDNA . The virus also contains a 1.9 kb deletion within the early region 3 (E3).
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Generation of ACN53
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University of California, San Francisco
Informed Consent

Consent To Be A Research Subject

Gene Therapy of Primary and Metastatic Malignant Tumors of the Liver Using ACN53 Via
Hepatic Artery Infusion: A Phase I Study - UCSF 45294

PURPOSE AND BACKGROUND

Dr. Alan Venook, Dr. Robert Warren, Dr. Thierry Jahan, and Dr. Ernest Ring at the

University of California, San Francisco (UCSF) Medical Center, are interested in finding

out whether patients with malignant tumors or cancers in the Ever, including Ever cancer

and colon and rectum cancer which has spread to the Ever, can be safely treated with a new
and investigational drug called ACN53. This drug has been designed to provide gene
therapy with the p53 gene. Gene therapy refers to a very new form of therapy in which
genes are introduced into ceEs to correct or modify their properties. In the case of ACN53,
the gene to be introduced is caEed p53, and the method of introduction or deEvery is with a

modified virus. The modified virus has been constructed from adenovirus, a virus which
sometimes causes the common cold. Both of these components, the p53 gene and the

modified adenovirus, comprise the invesrigational drug ACN53. ACN53 is being tested to

see if it can safely and efficiently introduce a normal copy of the p53 gene into cancers

containing an altered copy or copies of p53. The p53 gene is being used for a number of

reasons. The p53 gene is caEed a tumor suppressor gene because it is believed to prevent

normal ceEs from developing into cancer ceEs. When the p53 gene becomes altered (such

as by mutation), this helps cancers to form. The p53 gene is frequently altered in Ever

cancer and in colon and rectum cancer. In scientific experiments using ceEs in the test tube

and in animals, introducing a normal copy of the p53 gene into cancer ceEs which have
altered p53 can cause them to grow more slowly, stop growing, or die.

I am being asked to participate in this study because I have developed cancer in my Ever
which is not curable with existing therapies.

The purposes of this study are:

1 . To assess the safety of gene therapy with ACN53 in patients with Ever
tumors when a single dose is given into the Ever by way of the hepadc
artery. (In other words, how safe is ACN53 when given to the Ever and
what are its side effects?)

2 . To assess the efficiency of gene therapy with ACN53 against Ever tumors.

To do this, samples of the tumor wiE be obtained for analysis after the

treatment. (In other words, how weE does this gene therapy concept work
in tumor cells?).

3 . To assess the effect that the dose of ACN53 used has on safety and
efficiency of gene therapy. Part of this objective wiE involve measuring the

amount of ACN53 in the body at various points of time. (In other words,
what is the highest dose of ACN53 that can be safely given?).
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STUDY PROCEDURE

If I agree to participate in this study, I have been informed that the following events will occur:

Before the Study
I will be evaluated by the doctors for my eligibility for the study and to adequately assess my
condiuon. I will have a complete physical examinadon, blood tests (about 2 tablespoons of
blood), urine tests, a chest x-ray, pulmonary (lung) funcdon tests, an electrocardiogram (an
electrical recording of my heart), and a computed tomography (CT) or magnedc resonance
imaging (MRI) scan of my abdomen and pelvis. In addidon, samples of my tumor will be
tested in the laboratory for evidence of genedc alteradon of the p53 gene, which is required to

determine my eligibility. Some tests may need to be repeated.

I may decide to undergo an operadon to receive a hepadc artery infusion pump, a device

requiring an operadon for placement which can later be used to administer chemotherapy
into the liver. Whether or not I decide to undergo the operadon depends on whether I and
my doctors decide that it is an appropriate form of treatment for me, and is unrelated to

whether I participate in this study or not. In other words, I may decide: 1) to receive the

operadon and not participate in the study; 2) to not receive the operadon and participate in

the study; 3) to do both; or 4) to do neither.

If all of my tests meet the eligibility requirements, I will then begin treatment.

Treatment Procedure
I will be admitted to the General Clinical Research Center (GCRC) at Moffitt-Long

Hospital of UCSF Medical Center. I will have a hepadc angiogram, which involves

inserting a catheter (thin tube) into an artery in my groin and then guiding the catheter to the

hepadc (liver) artery using X-ray pictures. Dye will be put into the catheter to allow the

doctors to take additional X-ray pictures of the arteries in my liver. If my doctors and I

have decided that I will undergo an operadon to receive a hepadc artery infusion pump, this

angiogram, which is necessary to evaluate me for the operadon, will also be used for this

study. Another procedure called hepadc vein sampling will be performed after the

angiogram. In this procedure, another catheter will be inserted into a vein in my arm and
then guided to the hepadc vein by X-ray. This catheter will be used to collect samples of

blood (1 tablespoon at a time) for tests. Blood will also be taken from another vein in one

of my arms for tests. I will then receive the study drug, ACN53, which will be

administered to my liver using the hepadc artery catheter. This is a one-time treatment, and
I will receive no additional doses of the drug. The dose of ACN53 that I will receive will

depend upon what happens to any previous patients who receive ACN53. In other words,

the very first patients to receive ACN53 will be given a low dose to help ensure safety. If

the low dose appears to be safe, the next group of patients will receive a somewhat higher

dose. If this dose appears to be safe, the next group of patients will receive a still higher

dose, and so on. If any significant side-effects are observed, the dose for subsequent

patients will either remain the same or be reduced to a level which previously appeared to

be safe. After the single treatment, the hepatic artery catheter will be removed, and pressure

will be applied to my groin to prevent bleeding.

After the Treatment
After the treatment, I will be monitored very closely for any side-effects or other problems.

I will remain hospitalized for at least 72 hours after I receive the drug to ensure that I am
observed closely. The hepatic vein catheter will stay in place for 6 hours after I receive the

drug, and blood will be collected periodically from it as well as from another vein in one of

my arms for tests. In addition to blood tests, urine and stool will be collected for tests to

determine if my body is excreting the drug as opposed to breaking it down. It is expected
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that my body, and especially my liver, will break down the drug rapidly. However, I will

remain hospitalized until it is determined that my body is not excreting the drug. After I am
discharged I will need to come to the Ambulatory Care Center of UCSF Medical Center as

an outpatient weekly for one month, then every two months for the first year and then

yearly to conunue the monitoring and testing associated with the study. I must report any

health-related problems, whether or not I think they are related to the treatment, to my
doctors. On each visit I will receive additional physical examinations and blood tests (1 to 2

tablespoons at a time). Additional tests may be necessary to evaluate any problems that may
arise.

If my doctors and I have decided that I will undergo an operation to receive a hepatic artery

infusion pump, I will be able to undergo the operation at least a week after the study

treatment, and only when it is the clinical judgment of the doctors, including the surgeon,

that I am fit and ready for it. By participating in this study, I will probably undergo the

operation to receive the pump at a slightly later date than had I not participated in the study.

Moreover, once the pump is placed, chemotherapy using the pump will be delayed by
about two weeks in order to perform the tests required in the study. During the operation,

the pump will be placed first, and then I will have biopsies (samples of less than a thimble-

full in size) of my tumor and of the normal-appearing portion of my liver as part of the

study, to measure the efficiency and effects of the gene therapy on these tissues.
% 0

If my doctors and I have decided that I will not undergo an operation to receive a hepatic

artery infusion pump, I will receive a biopsies (samples of much less than a thimble-full in

size) of my tumor and liver using a fme (very thin) needle inserted through my abdomen
and directly into my liver. Either an ultrasound or CT scan will be used to guide the

placement of the needle.

After the operation or needle biopsy, I will need to continue coming for follow-up visits to

the Ambulatory Care Center of UCSF Medical Center as described above. I will have a

repeat scan (CT or MRI) of my liver one month after the study treatment to evaluate any
changes associated with the treatment.

SPECIAL CONSIDERATIONS

Duration of Study Participation

Because gene therapy is a very new form of therapy, and the long-term effects and outcome
are not yet known, I understand the need for careful follow-up. The period of my most
active participation in this study will last approximately 1 month from the time of the

treatment. After this, I will be monitored every two months for the first year. After this, I

will contact the doctors involved with the study on a yearly basis for my lifetime. I will

notify the doctors if I change my address.

Tentative Agreement for Autopsy
In case of my death from any cause during or after my participation in this study, I

understand that an autopsy may provide additional information about the treatment I

received. My participation in the study means that I would tend to favor an autopsy in the

event of my death. I will notify my family of my opinion, but I understand that this

tentative agreement is non-binding.
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RISKS AND DISCOMFORTS

This study may involve the following risks and/or discomforts:

Risks Associated with ACN53 Gene Therapy
Risks associated with gene therapy of liver tumors using the modified virus carrying the

p53 gene are largely unknown. It is possible that I may experience the following

complications or side-effects of the gene therapy:

1 . Although the virus that is being used has been modified so that it cannot grow or

multiply, it is possible that during the study the virus will somehow acquire the

ability to reproduce itself. If this does occur, the consequences are not known with

certainty. However, since unmodified adenovirus is known to be safe and not

typically associated with disease beyond the common cold, it is unlikely that serious

complications will occur if the modified virus does reproduce.

2 . The modified virus may spread to others, particularly if it acquires the ability to

reproduce itself. This is considered highly unlikely since the virus is being

administered internally, thus making it difficult for the virus to escape into the

environment, and to my liver, an organ which is known to be efficient at destroying

adenovirus. In addition, I will be monitored for virus appearing in my blood, urine,

and stool, and will remain in the hospital until it is established that my body is not

excreting the virus.

3 . The modified virus may spread to my reproductive organs, and could affect an

embryo or fetus if I am pregnant. Pregnancy excludes participation in the study and
strict birth control is required if I am fertile.

4 . My immune system may react to the virus. This may involve a brief allergic reaction

and/or rapid destruction of the virus. It is possible, although unlikely, that an

immune response with inflammation may cause significant injury within my liver or

surrounding tissues. It is more likely that any inflammation will be limited and
temporary. The response of my immune system to the treatment is one of the areas

which is being evaluated in this study.

5 . The modified virus may cause injury to my liver or other surrounding tissues. In

addiuon to the possibility of serious inflammadon caused by the virus, the treatment

may cause injury if the gene therapy is harmful to normal cells, by introducing to

them higher than normal levels of the p53 gene. However, experiments have failed

to show that this occurs.

6. The study will involve increasing doses of the modified virus. The lowest dose of

virus will be studied in three padents before the next (higher) dose is used, and this

dose will be studied in three padents before the next (higher) dose is used, and so

on. The effects of different doses is another of the areas which is being evaluated in

this study. Since padents will be assigned to different doses, it is likely that some
padents will receive low doses which are too small to cause any beneficial effects.

In addiuon, some padents will receive higher doses which may cause increased side

effects. At this time, the chance that side effects may occur with a particular dose

cannot be accurately predicted. It is common with more tradidonal and-cancer drugs

that higher doses are more likely to cause side -effects.
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7 . Because the effects of treatment with the modified virus and with the p53 gene are

not known, it is possible that the treatment might somehow cause the tumor(s) in

my liver to progress or worsen.

Risks Associated with CT and MRI Scans

CT scans and MRI scans are painless procedures that are commonly used in cancer

treatment and are generally extremely safe.

Risks Associated with Hepatic Angiogram
A hepatic angiogram is a commonly used procedure to evaluate the arteries in and around

the liver. It involves inserting a catheter (thin tube) into an artery in my groin and then

guiding the catheter to the hepadc (liver) artery using X-ray pictures. Dye is put into the

catheter to allow the doctors to take additional X-ray pictures of the arteries. Potential

complications from this procedure include a reaction to the dye, infection, and bleeding. If

my doctors and I have decided that I undergo an operation to receive a hepatic artery

infusion pump (a device requiring an operation for placement which can administer

chemotherapy into the liver), the hepatic angiogram, which is necessary to evaluate me for

the operation, can also be used for this study.

Risks Associated with Surgery
The surgical risks associated with the operation are likely to be the same whether or not I

participate in the study. The operation will be conducted in the same fashion, except for the

additional procedure that biopsies will be obtained of my liver tumor and of normal sections

of my liver. Potential complications from the biopsies include bleeding. However, it is

possible that the study treatment may affect the safety of the operation in some currently

unforeseen way. I will be closely monitored for any potential problem which may affect the

operation following the study treatment, and will not undergo the operation until the

doctors feel that there is no additional risk for me.

My participation in the study may affect the timing or scheduling of my operation and/or the

start of my chemotherapy with the implanted pump. It is expected that I will receive the

operation 1 to 2 weeks after the study treatment, but as described above the operation may
be further delayed if I experiences any significant side-effects or complications. Once I

have the operation and the pump is implanted, there will be another delay before the pump
is used to administer chemotherapy. If I had not participated in the study, the pump is

usually used one week after the operation. By participating in the study, it is expected that

the pump will be available for use 2 to 3 weeks after the operation, after the CT or MRI
scans are performed.

Risks Associated with Other Study Procedures
Hepatic vein sampling is a procedure that will be used solely to obtain information for the

study, by collecting blood from the major vein leaving the liver. It is not part of the hepatic

angiogram procedure and is unrelated to the evaluation for a hepatic artery infusion pump.
In this procedure, a catheter will be inserted into a vein in the arm and then guided to the

hepatic vein by X-ray. Potential complications include infection and bleeding.

If I do not undergo an operation to place a hepatic artery pump, then a procedure called fine

needle aspiration will be performed to take small biopsies of my tumor. This commonly
used procedure may be done as an outpatient. Potential complications include infection and
bleeding.

During the course of the study, blood tests will be drawn for the usual tests that are a part

of my medical care, but in addition I will have other blood tests which are a specific part of

this study. The additional blood tests do not represent an important amount of blood to be
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lost from my body. However, collecting the blood from my veins with a needle will

involve minor pain at that site.

Additional Risks
The study involves a new and investigational drug, ACN53, which has never been given to

patients prior to this study. The drug has been extensively tested in both small laboratory animals
and in primates and found to be safe in those animals. However, despite best efforts to ensure
safety, it is possible that additional risks and/or discomforts which are presently unknown or
unforeseen may occur, including the possibility of unknown or unforeseen effects or

complications.

FINANCIAL RISKS

There are usually significant costs associated with any cancer treatment, including the treatment

in this study. However, there will be no charge to me or my insurance carrier for the

experimental portions of the care of my liver tumor. The investigational drug ACN53 will be
supplied to me through the doctors at no charge. All other medications, laboratory fees for

standard tests, doctor, clinic, and hospital costs which are not part of the study treatment may
be charged to me or to my health insurance carrier. If I participate in the study, these costs will

be billed by the doctors and the hospital in the usual fashion just as they would if I were not on
the study. I am advised to discuss these issues in advance with my insurance carrier and with a

financial counselor.

BENEFITS

It is not known if this treatment program will be of any benefit in controlling my disease.

The benefit I receive from this treatment may be minimal, or I may receive no benefit from
this treatment at all. My participation may help future patients benefit from the knowledge
gained through this study.

ALTERNATIVES

At the present time I have several options. These are:

1 . I may choose to receive no specific cancer treatment at this time. I may still be able

to receive all appropriate supportive medical care, and I may choose to receive some
form of cancer treatment in the future.

2 . I may choose to receive another kind of cancer treatment, to be determined by my
doctors and myself, which may include:

a. Surgical operation of my abdomen with placement of a hepatic artery

infusion pump which can later be used to administer chemotherapy to my liver.

b . Non-surgical placement of a temporary catheter (a thin tube) into the

region of the Liver which can be used to deliver chemotherapy to my liver.

c. Intravenous chemotherapy.

d . Other investigational or experimental forms of cancer treatment.

3 . I may choose to participate in this research study.
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REIMBURSEMENT

I will not receive any financial reimbursement for my participation in this study.

TREATMENT AND COMPENSATION FOR INJURY

IH am injured as a result of being in this study, treatment will be available. If I am eligible

for veteran's benefits, the costs of such treatment will be covered by the Department of

Veterans Affairs. If not, the costs of such treatment may be covered by the Department of

Veterans Affairs or the University of California, depending on a number of factors. The
Department of Veterans Affairs and the University do not normally provide any other form
of compensation for injury. For further information about this, I may call the V.A. District

Counsel at (415) 750-2288 or the office of the UCSF Committee on Human Research at

(415) 476-1814.

NEW FINDINGS

I and my family will be given any new information gained during the course of the study

which might affect my willingness to continue my participadon.

CONFIDENTIALITY

Participadon in research may involve a loss of privacy. The results of all study tests will be

discussed with myself and my own doctor. My medical records at UCSF will be considered

confidendal and used only for medical and/or research purposes. My idendty will be kept as

confidendal as possible, and I will not be idendfied in any report or publicadon of this study or

its results. Representadves from the sponsoring drug company (Canji, Inc., San Diego, CA),
the Nadonal Cancer Institute, and the Food and Drug Administration (FDA) of the United

States may review information about me to check on the study.

Research studies involving gene therapy have received a great deal of attention from the

media. Although every effort will be made to protect the confidentiality of myself and my
family, this media attention may result in a greater risk than usual that information

concerning my treatment will appear publicly without my consent.

QUESTIONS

Dr.
,
who can be reached at telephone number ,

has

discussed this study with me. I have the right to ask questions regarding the study. I have been
given the opportunity to ask questions, and they have been answered to my satisfaction. If I have

any further questions regarding this study or I experience any health-related problems, I should

contact Dr. Alan Venook or associates at (415) 476-1421 or Dr. Robert Warren or associates at

(415) 476-1161.
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CONSENT

Participation in research is voluntary. I have the right to refuse to participate, or to

withdraw from the study at any time. I may choose to do either one without affecting my
relationship with my doctors and without affecting my future medical care. My participation

may be ended at any time with or without my consent. If I wish to participate, I should sign
below. I have been given copies of this document and of the Experimental Subject's Bill of
Rights to keep.

Signature of Patient Date

Signature of Physician Date
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HUMAN GENE TRANSFER PROTOCOL
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I. SCIENTIFIC ABSTRACT: Scientific Abstract

There are 1 5,000 new cases of primary brain tumor with 1 1 ,000 deaths annually in the

United States, and brain tumors are the second leading cause of cancer death in children and

young adults. The most common primary brain tumor is the glioma which has a range of

expression of malignancy extending from low grade glioma to glioblastoma multiforme (GBM). The
current best therapy of malignant gliomas involves surgical removal followed by irradiation therapy

and chemotherapy. Diffuse infiltration of tumor into adjacent normal brain tissue, limited

penetration of chemotherapeutic agents through the blood-brain barrier, and the limited

regenerative capacity of the brain all reduce the efficacy of conventional therapy. Even with

aggressive surgical and radiation therapies patients with GBM have median survival times of 9 to

10 months. Median time to tumor progression for patients with recurrent glioblastoma multiforme is

approximately 12 weeks and for patients with anaplastic astrocytoma it is approximately 20 weeks.

Hence, the prognosis for this disease is bleak and compels investigation of new therapeutic

avenues.

Direct introduction of therapeutic genes into malignant cells in vivo may provide an effective

treatment of solid tumors including tumors of the central nervous system (CNS). Of these

strategies, conferring drug sensitivity holds the greatest promise for clinical application in the near

future. The gene coding for the herpes simplex virus thymidine kinase (HSV-tk) enzyme is the

leading therapeutic gene. Thymidine kinase phosphorylates the nucleoside analog ganciclovir

(GCV) into a phosphorylated intermediate that is incorporated into newly-synthesized DNA of

dividing cells. The incorporated analog hinders further DNA replication leading to the cell's death.

Since normal mammalian cells do not possess this enzyme, cytotoxicity depends on the successful

introduction and expression of the HSV-tk gene, phosphorylation of ganciclovir, and synthesis of

DNA. Non-dividing cells may express HSV-tk and phosphorylate ganciclovir but are not harmed
since they do not synthesize DNA. This approach is especially suitable for the treatment of gliomas

where rapidly dividing tumor cells invade adjacent tissues made up largely of non-proliferating cells.

Several techniques have been used to introduce therapeutic genes to neural and non-neural tissue.

Of these, viral transduction is currently the most efficient method. Vectors based upon retrovirus,

herpes virus and adenovirus are the most common gene therapy. The adenovirus-based vectors

have advantages over the other virus vectors that make them leading candidates for somatic gene

therapy. We have demonstrated using two glioma animal models that adenovirus-mediated

transfer of the HSV-tk gene and GCV treatment resulted in ablation of the tumors and significant

increases in life spans.

This phase I study is designed to study the safety and efficacy of gene therapy for patients

with CNS tumors. Patients with malignant CNS tumors refractory to all potentially curative therapy

will be treated with stereotactic intra-tumor injections of replication-defective adenovirus vector

delivering the HSV thymidine kinase gene. Initial tests will use 1 x 10
8
virus particles. Ganciclovir

will then be administered intravenously at 10 mg/kg/day for 14 days. Only one course of therapy will

be administered. Each patient will be carefully monitored for one month for cytopathic or toxic

effects by several methods including MRI scans. Five patients will be tested with this low dose

before another group of patients are treated with 5 x 10
8
particles and monitored closely for 1

month. This will be repeated until the target dose of 1.5 x 10
9
particles is reached or significant

toxicity is detected. Effectiveness will be monitored by MRI and/or CT scans and by comparing

survival times to the historical survival times for patients with recurrent brain tumors. The primary

objective of this initial study is to determine whether the treatment is associated with significant

toxicity.
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II. NON-TECHNICAL ABSTRACT: Non-Technical Abstract

There are 15,000 new cases of primary brain tumor with 1 1,000 deaths annually in the

United States, and brain tumors are the second leading cause of cancer death in children and

young adults. Even with aggressive surgical and radiation therapies many patients with brain

tumors have survival times of only 9 to 10 months. Hence, the prognosis for this disease is bleak

and compels investigation of new therapeutic avenues.
1

Direct introduction of therapeutic genes into tumor cells may provide an effective treatment

of brain tumors. One strategy is to confer drug sensitivity to tumor cells by inserting a recombinant

gene into them. This gene is from the common Herpes virus and it codes for the enzyme thymidine

kinase (HSV-tk) enzyme. Thymidine kinase converts the anti-viral drug ganciclovir into a form that

is toxic to rapidly dividing cells such as tumor cells. Non-dividing are not harmed. This approach is

especially suitable for the treatment of brain tumors since the normal brain tissue is made up largely

of non-dividing cells. Several techniques have been used to introduce therapeutic genes to tumors.

Of these, virus-mediated transfer is currently the most efficient method and the most efficient virus

is the genetically engineered adenovirus. We have demonstrated using two animal models that

adenovirus-mediated transfer of the HSV-tk gene and ganciclovir treatment resulted in ablation of

the tumors and significant increases in life spans.

This phase I study is designed to study the safety and efficacy of gene therapy for patients

l with brain tumors. Patients with malignant brain tumors refractory to all potentially curative therapy

will be treated with intra-tumor injections of replication-defective adenovirus vector delivering the

Herpes Simplex Virus thymidine kinase gene. Initial tests will use a low dose of virus. Ganciclovir

will then be administered intravenously at 10 mg/kg/day for 14 days. Only one course of therapy will

be administered. Each patient will be carefully monitored for one month for adverse effects. Five

patients will be tested with this low dose before another group of patients are treated with a higher

dose and monitored closely for 1 month. This will be repeated until the target dose is reached or

significant toxicity is detected. Effectiveness will be monitored by MRI and/or CT scans and by

comparing survival times to the historical survival times for patients with recurrent brain tumors. The
primary objective of this initial study is to determine whether the treatment is associated with

significant toxicity.

!
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Title of Protocol: Phase I Study of Adenoviral Vector Delivery of the

HSV-tk Gene and the Intravenous Administration of

Ganciclovir in Adults with Malignant Tumors of the

Central Nervous System

Institutions: Baylor College of Medicine

One Baylor Plaza

Houston, Texas 77030

The Methodist Hospital

6565 Fannin Street

Houston, Texas 77030

Co-Principal Investigators: Robert G. Grossman, M.D.

Savio L.C. Woo, Ph.D.

Co-Investigators:

H. David Shine, Ph.D.

J. Clay Goodman, M.D.

Estuardo Aguilar-Cordova, Ph.D.

Gayle Rettig, Ph.D.

Shu-Hsai Chen, Ph.D.

David Poplack, M.D.

Marc E. Horowitz, M.D.

Charles Contant, Ph.D.

Participating Departments:

Department of Neurosurgery

Department of Cell Biology

Department of Pathology

Department of Pediatrics
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V. PROTOCOL:

I. Selection of Patients

A. Inclusion Criteria

Protocol

1 . Adults with recurrent high grade astrocytomas or glioblastoma multiforme or metastatic

tumors identifiable by CT and/or MRI scan. Tumors must be biopsy proven.

2. Patients must have received all potentially curative treatments and currently have

evidence of progressive disease demonstrated by diagnostic imaging studies and

tumor demonstrated by biopsy.

3. Patients must have a single tumor and of no more than 64 cm3
in volume (e.g. no more

than approximately 4cm x 4cm x 4cm in dimension). The tumor must not be in the

brain stem or in any other area in which a standard tissue resection would produce an

unacceptable neurological deficit.

4. The patient may not have had cytotoxic chemotherapy within 6 weeks of initiating this

protocol and may not have had radiation therapy to the brain within 8 weeks of

initiating this protocol.

5. Male or female patients >18 years of age.

6. Possess the ability to give informed consent and express a willingness to meet all the

expected requirements of the protocol for the duration of the study.

7. Adequate baseline organ function as assessed by the following laboratory values before

surgery.

a. Adequate renal function with serum creatinine of <1.5 mg/dL or creatinine

clearance >45 ml/min/m
2

.

b. Platelet count >100,000 platelets/mm
3

.

c. Absolute neutrophil count >1 000/mm 3
.

d. Hemoglobin >8.5 mg/dL.

e. Normal Partial Thromboplastin Time (PTT), and Pro-Thrombin Time (PT).

f. Bilirubin <2.5 mg/dL, SGOT and SGPT < 4X normal.

8. Due to contraindications of ganciclovir treatment women may not be pregnant and, if of

child bearing potential, must practice strict birth control to prevent pregnancy for the

duration of the study. Men must use barrier protection for the duration of the study.

B. Exclusion Criteria

Patients with the following conditions will be excluded from the study:

1. Acute infection. Active infection is defined as any acute viral, bacterial or fungal

infection which requires specific therapy.

2. Patients with an increased ICP who require surgical reduction of the tumor mass

will be excluded.
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3. HIV positive patients.

4. Severe systemic diseases considered to be indicative of an unacceptable

anesthetic/operative risk.

5. Multiple or bilateral tumors. Brain stem tumors.

6. Tumors greater than 4 cm in any diameter.

7. Patients with tumor cavities that are likely to communicate with either a

subarachnoid cistern or the ventricular system.

8. High titers of antibodies to adenovirus.

TREATMENT AND EVALUATION SCHEDULE
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II. Patient Evaluation

A. Evaluations Prior to Surgery.

1 . The following evaluations must be performed by the neurosurgery and

anesthesiology services within 30 days of the treatment to determine eligibility. A
complete history detailing all symptoms and previous treatments and physical

examination including documentation of signs and symptoms of tumor and

neurological deficits. Height, weight, and body surface area will be recorded.

2. Hematology: CBC, platelet count, reticulocyte count, PT, PTT, fibrinogen

3. Chemistries: BUN, creatinine, Na, K, Cl, C02 ,
calcium, phosphorus, magnesium,

LDH, SGOT, SGPT, GGT, bilirubin, CPK

4. Urinalysis

5. Chest X-ray : PA and Lateral

6. Diagnostic imaging : MRI and/or CT of brain.

7. Pathology review - Reports, slides and, if possible, blocks will be reviewed by Dr. J.

Clay Goodman.
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8. Immunological studies - Presence of serum neutralizing antibodies to wild-type

adenovirus.

9. Microbiology studies - Presence of adenovirus in serum, urine and nasal swabs.

10. Neuropsychological tests - Patients will receive a battery of neuropsychological

tests prior to surgery to establish a baseline for post-therapy tests. (Appendix B)

B. Evaluations during the Treatment Period

The following clinical tests will be performed during the 2 week period of GCV
administration:

1. Physical and neurological examinations - Examinations will be performed daily while

the patient is hospitalized, and then will be performed at each patient visit.

2. Imaging studies - MRI and/or CT scans of the brain will be obtained within 48 hr

after surgery and approximately 1 week after completion of the course of GCV
therapy.

3. Chemistries - Creatinine liver function tests, CBC, coagulation studies and blood

chemistries will be monitored as indicated.

4. Immunological studies - Presence of serum neutralizing antibodies to adenovirus 2

weeks after virus injection.

5. Microbiology studies - Presence of adenovirus in serum, urine and nasal swabs 2

weeks after virus injection.

C. Evaluations following the Treatment Period

1 . Patients will be seen as outpatients at 2 week intervals for the first 2 months and on

a monthly basis for one year. During the second year after treatment patients

will be followed at two month intervals. Evaluations will include:

a. Laboratory tests as required for standard neurosurgical care.

b. Physical examination with a detailed neurologic exam.

c. MRI scans will be obtained ever 12 weeks.

d. A neuropsychological exam will be performed 2 months after surgery.

(Appendix B)

e. The presence of recombinant adenovirus in serum, urine, and nasal swabs.

The presence of antibodies to adenovirus in serum.

2. Patients will be requested to be evaluated once a year for 5 years. Evaluations will

include:

a. Physical and neurological examination including an MRI.

b. CBC with differential count.

c. Serum antibodies to adenovirus.

d. Neuropsychological examination, if examination.
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3. It is understood that the performance of an individual study or test as specified in

this protocol is subject to factors such as patient compliance, scheduling

difficulties, equipment malfunction, or the clinical judgment of the principal

investigator or patient care physicians, and that a test may not be done in an

individual instance with no violation of the protocol. However, any systematic

modification of the original protocol in this regard, whether related to patient

safety or not, will be submitted to the ARB for approval.

4. An attempt will be made to perform a complete autopsy on any patient who dies. In

addition to standard pathological examinations tissues will be taken for PCR
analysis for the presence of persistent recombinant adenovirus (ADV/RSV-tk)

DNA.

C. Criteria for Response

1 . Toxicity - Toxicity will be graded by the Common Toxicity Criteria published by the

CTEP of the NCI (Appendix D). Signs and symptoms of neurological toxicity will

be closely evaluated.

2. Tumor response -

Assessed by MRI 1 and 2 months post-op and defined as:

a. Complete - No tumor on MRI.

b. 99% to 75% decrease in the product of the maximal perpendicular cross-

sectional diameters when compared with the pre-surgical baseline study.

c. 74% to 50% decrease in the product of the maximal perpendicular cross-

sectional diameters when compared with the pre-surgical baseline study.

d. 49% to 25% decrease in the product of the maximal perpendicular cross-

sectional diameters when compared with the pre-surgical baseline study.

e. 24% to 0% decrease in the product of the maximal perpendicular cross-

sectional diameters when compared with the pre-surgical baseline study.

c. An increase in the product of the maximal perpendicular cross-sectional

diameters when compared with the pre-surgical baseline study.

D. Treatment Cessation Criteria

1 . Permanent Grade 3 toxicity or recurrent Grade 4 toxicity as specified in the

Common Toxicity Criteria published by the CTEP of the NCI. It should be noted

that the assessment of neurological toxicity (as it appears in the Toxicity Criteria)

relates to the relative changes from the pre-treatment neurological status.

2. Other anticipated toxic phenomena that are not related directly to viral transduction

of the brain tumor (such as toxicity secondary to GCV administration), or

neurological complications which can be explained by the presence of the mass

lesion and are compatible with the natural history of malignant brain tumors, will
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not be considered a sufficient indication for the termination of the study. Any
additional occurrence of toxicity will be discussed with the Chairman of the ARB.

3. Upon request of the participating patient or the person with the power of attorney

the patient may withdraw from the study.

III. Data Collection and Monitoring

1. Study monitoring. The investigators will allow study monitors and the FDA to inspect

study documents (e.g. consent forms, certificate of analysis, case report forms,

and pertinent hospital or clinical charts.)

2. Reporting of adverse reactions. Adverse Reactions (ADRs) will be reported

promptly to the FDA, IRB, and IBC. ADR reports are required even if only a

suspicion of a drug effect. Previously unknown Grade 2 or 3 reactions will be

reported in writing within 10 working days. Grade 4 (life-threatening) reactions

and patient deaths while on treatment will be reported by phone within 24 hours.

A written report will follow within 10 working days.

3. Protocol amendment procedures. Any revisions to the original protocol will be

discussed by all investigators, the FDA and others as required. If the consensus

is to revise the current protocol, a formal list of changes will accompany the

amended protocol and these will be submitted to the FDA, BCM's IRB, and other

pertinent committees.

4. Publications resulting from the trial. Any manuscript, abstract, or presentation will be

available to all the study investigators involved in this protocol.

IV. Nature of Procedures and Therapeutic Agents

A. Surgery

As defined above in "Selection Criteria", patients who have a biopsy-proven malignant

glioma or metastatic tumor are candidates for treatment.

1. Anesthesia:

Monitored anesthesia care for setting the stereotaxic frame and CT/MRI
scanning. Monitored anesthesia care or general endotracheal anesthesia for the

biopsy and virus injection depending upon the location of the tumor and the

cooperation of the patient.

2. Operative procedure:

a. Setting the stereotaxic frame and obtaining coordinates for the tumor. The

patient is brought into the operating room where the scalp is scrubbed with

Betadine. The stereotaxic frame pressure points are infiltrated with Lidocaine

and a Leksell G frame is fitted to the patient's skull. The patient is taken to the

CAT scanner where the lesion is localized in relation to the stereotaxic frame

using intravenous contrast material in the majority of cases. The CAT scan is

compared to MRI scans performed before the operation. The coordinates of the
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center of the tumor and its borders are computed. An entry point is identified

and marked on the skull with a radiopaque marker. In cases in which the tumor

is better defined by MRI scanning a MRI scan with an MRI compatible Leksell

frame is used.

b.Virus injection. After localizing the entry point the patient is returned to the

surgery suite, and if necessary, anesthesia is induced. The patient is positioned

for surgery and the Leksell frame is held with a Mayfield adapter. The scalp is

scrubbed for 10 minutes with Betadine and painted with Betadine paint. An one

inch incision is made in the scalp and a bur hole made at the entry point. The
dura is coagulated with bipolar cautery. Bur hole ultrasound is used to confirm

the localization of the lesion. The dura is opened and the surface of the cortex

is coagulated and incised at a point on a crown of a gyrus.

The virus is injected at a single site within the tumor using a fine, blunt-tipped

needle with a side opening and a syringe that is capable of dispensing microliter

quantities of the virus solution. After virus injection and withdrawal of the needle

a piece of Gelfoam is placed over the dural leaflets. The bur hole is covered

with a silicone bur hole cover. The galea is closed with interrupted inverted Vicryl

and the skin with staples.

B. Volume and amount of virus injected.

Factors such as tumor size, location, and the preoperative neurological condition

of the patient will determine the injectable volume which will be no more than 1 ml.

The total amount of adenovirus will be no more than 1.5 x 10
9
particles. This trial will

begin by testing the toxicity of a low dose of virus in 5 patients, observing them for 1

month and, if no significant toxicity is observed, increasing the test dose in another 5

patients and observing them for 1 month. Initially, 5 patients will be entered into the

study and treated with a single injection of 1 x 10
8
particles of virus into a single site

within the tumor. These patients will be observed for at least one month to detect

toxicity. The External Clinical Advisory Committee will be asked to review the patients'

records and advise, based upon Common Toxicity Criteria (Appendix D) whether an

additional 5 patients should be treated with an escalated dose of virus. A progress

report will be submitted to the Baylor Affiliates Review Board for Human Subject

Research (ARB) for approval to continue. If a decision is made to increase the test

dose and approval is given by the ARB another 5 patients will be treated with 5 x 10
8

virus particles, observed for 1 month, and their records reviewed by the External

Clinical Advisory Committee. If no significant toxicity is observed another 5 patients

will receive 1.5 x 10
9
virus particles and will be observed.

The sample size of five patients per dose of virus was based on standard

statistical theory. It is designed to assure that there is a 95% probability that we would

observe one patient with a toxic event out of a sample of five if the true rate of toxicity

for the whole patient population is 45% or higher.
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C. Ganciclovir treatment.

Ganciclovir treatment will begin 24 hours post virus injection at 5 mg/kg IV over

1 hour every 12 hours for two weeks (28 doses). For each dose, the lyophilized

powder, 500 mg supplied in a glass vial, will be dissolved in 10 ml sterile water to give

a solution of 50 mg/ml. Based upon the patient's weight, the appropriate calculated

dose volume will be removed from the vial and added to infusion fluid (typically 100

ml) and delivered over a 1 hr period.

D. Peri-operative Medications

1. Antibiotics: All patients will deceive a single dose I.V. of Vancomycin, typically 1

gram, or the antibiotic defined by standard care just prior to the surgical

procedure.

2. Steroids: If clinically indicated patients may receive dexamethasone, typically 20 mg
I.V. prior to viral injection.

3. Anticonvulsant: Anticonvulsant therapy will be administered according to the usual

neurosurgical guidelines. Phenytoin will be the primary anticonvulsant drug used

unless there are contraindications.

5. Analgesics: Pain medication may include codeine and small doses of other narcotic

medications.

6. Granulocyte colony stimulating factor (G-CSFV Patients may receive G-CSF
support for neutropenia (<500 cells/mm

3
).

E. The ADV/RSV-tk Replication-defective Recombinant Adenovirus Vector.

Adenoviridae is a family of viruses first isolated in 1953 from tonsils and adenoidal

tissue from children (Roe et al.). Six sub-genera (A, B, C, D, E and F) and more than 42

serotypes of adenoviruses have been identified as infectious agents in humans (Graham
and Prevec, 1991; Horwitz, 1991). Although a few isolates have been associated with

tumors in animals, none have been associated with tumors in humans. The adenoviral

vector proposed for this study belongs to the subgenus C, serotype 5 (Ad5). Wild type Ad5
have not been associated with tumor formation. Infection by Ad5 results in acute mucous-
membrane infection of the upper respiratory tract, eyes, lymphoid glands and nodes, with

mild symptoms similar to those of the common cold. Exposure to C type adenoviruses is

widespread in the population; the majority of adults are seropositive for this type of

adenovirus.

Adenoviruses are icosahedrons of 65 to 80 nanometers in diameter containing 13%
DNA and 87% protein. The viral DNA is approximately 36 kilobases in length, naturally

found in the nucleus of infected cells as a circular structure held together by the interaction

of proteins covalently linked to each of the 5’ ends of the linear genome. The ability to work

with functional circular clones of the adenoviral genome greatly facilitated molecular

manipulations and allowed the production of replication defective vectors (McGrory, et al.

1988).
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Adenovirus expression occurs in two major phases, generally identified as early and
late (Graham and Prevec, 1991; Horwitz, 1991). In a simplified matter it can be said that

early proteins are regulatory in nature while late proteins are structural components of the

virion. Six regions have been described as "early" (El A, E1B, E2A, E2B, E3 and E4)

although other regions are also expressed soon after infection (LI
,
IVa2 and IX). ElA and

El B are necessary for viral DNA replication and have been associated with the transforming

potential of adenoviruses in vitro. E2A codes for a DNA binding protein and E2B for a DNA
polymerase and the protein found at the 5' ends of the viral genome. E3 is not essential for

viral replication in vitro and is associated with viral evasion of host immune response. E4
protein is associated with viral assembly. The studies proposed here use El and E3
deficient vectors packaged in the 293 human embryonic kidney cell line (described below).

Two aspects of adenoviral biology have been critical in the production of replication

incompetent adenoviral vectors. One, the ability to have the regulatory proteins produced

in-trans and two, the inability of adenovirus cores to package more than 105% of the total

genome size. The first was exploited by the production of the 293 cells, a transformed

human embryonic kidney cell line with stably integrated adenoviral sequences from the left-

hand end (0-11 map units) comprising the El a region of the viral genome (Graham et al.,

1977). This cell line is permissive for the production of viruses defective in El, and has

been utilized in all previous RAC-approved protocols which use adenoviral vectors (RAC
9212-034, 9212-035, 9212-036, 9303-041, 9303-042, 9312-067). The 105% limit of

genome packaging size allowed production of "helper" viral genomes with "stuffer" DNA
which exceed maximum packaging capacity (Bett et al., 1993).

Adenoviral genomes are too large to be conveniently manipulated during sub-cloning

steps to insert the gene of interest. Therefore, the gene of interest is inserted into a deleted

El region in a plasmid with only a portion of the left-hand end of the adenoviral genome (the

specific sequences used for this protocol are detailed in Appendix C). The oversized

genome (helper virus) and the smaller plasmid with the gene of interest are cotransfected

into 293 cells. The gene of interest plus the defective viral genome must not exceed the

size limitations for packaging. Virus is produced only when recombination between the two

plasmids occurs and the gene of interest replaces the stuffer DNA to result in a genome that

meets the packaging constraints of the adenovirus core.

Adenoviruses have been extensively characterized and make attractive vectors for

gene therapy because of their relatively benign symptoms even as wild type infections, their

ease of manipulation in vitro, the ability to consistently produce high titer, purified virus and

the broad range of tissue targets. In addition, adenoviral DNA does not get incorporated

into host cell chromosomes, therefore minimizing concerns about insertional mutagenesis or

potential germ line effects.

A primary safety concern is the possible development in vivo of replication competent

adenoviruses and wide dissemination of such a recombinant in the patient. An additional

concern is the non-vector contaminants of the preparation which may be of harm to the

patient. The latter has been addressed by the production of viral vector products in a GLP
facility specifically built and designed for the purpose of clinical grade vector production

(described in Appendix C). The former is minimized by production of replication defective

vectors and testing for the absence of replication competent contaminants at various stages

of production. Although at high multiplicity of infection even El a deficient viruses may
replicate, previous experience with Ad5 infections suggest this is a minor risk since Ad5

infection causes only self-limiting, mild symptoms. The relative safety of Ad5 was
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evaluated in 1973 by Couch et al. (1973). In those studies normal adults were immunized

with Ad5 capsid antigens and later exposed to an inoculum of wild type Ad5 into the

respiratory tract. Only ten of nineteen individuals who received placebo immunization

developed symptoms and these were only mild fevers and moderate pharyngitis. No other

effects were noted. Similar considerations are used to evaluate the potential risk to health

care workers involved in this trial should there be a break in the containment protocol.

Therefore, we believe the use of Ad5 as the parent vector for this protocol poses a very

limited risk to the patient, their family, and healthcare personnel.

The vector proposed for this trial, ADV/RSV-tk, adds only incremental changes to

those used in previous RAC approved gene therapy protocols. It is an adenoviral vector

similar to those being used in cystic fibrosis treatment trials (RAC 9212-034, 9212-035,

9212-036, 9303-041, 9303-042, 9312-067). However, for example, instead of the CFTR
gene driven by a chick B actin promoter and CMV enhancer (RAC 9212-035), AdV/RSV-tk

contains the Herpes simplex virus thymidine kinase (HSV-tk) gene driven by the Rous
sarcoma virus long terminal repeat (RSV-LTR). The HSV-tk gene is currently being used in

retroviral vectors in various RAC approved protocols (RAC 9206-019, 9303-037, 9306-050,

9309-055) for treatment of solid tumors similar to those proposed here. ADV/RSV-tk has

been extensively analyzed for efficacy in vitro and in small animal protocols and for safety in

primate studies (see below). Details of its construction are provided in Appendix C.

F. Preparation of ADV/RSV-tk Adenovirus Vector

The ADV/RSV-tk adenovirus vector will be prepared in Baylor College of Medicine's

Gene Vector Lab using Good Laboratory Practices. (Appendix C)

V. Potential Hazards

A. Potential Surgical Complications

The risks associated with the surgical portion of the procedure are similar to those

encountered in stereotactic biopsy of tumors. The risk depends on the preoperative

condition of the patient, size and location of the tumor, and associated diseases. The
individual risk will be determined prior to the decision to perform the therapy and will be

discussed with the patient prior to surgery. Specific surgical complications include:

1 . Infection: Surgical wound infection after craniotomy occurs in less than 1% of our

patients. Antibiotic therapy will be given as a prophylaxis prior to the surgical

interventions and as medically indicated.

2. lncreased ICP: Patients with brain tumors may have increased intracranial pressure

(ICP). Patients will be treated with dose dexamethasone given in a standard

manner for neurosurgical patients. Additional measures such as mannitol

administration may be given.

3. Cerebral Edema: Edema secondary to necrosis and destruction of the tumor may
occur. The magnitude of such edema, if it occurs, is unknown. As a precaution,

patients will be treated with steroids.

4. Seizure: Phenytoin will be used as the primary anticonvulsant drug, unless

contraindicated, in standard peri-operative neurosurgical doses.
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B. Potential Complications Specific to Adenovirus Injection

In addition to surgical complications, there may be complications that are associated

with virus treatment. The magnitude of these complications is unknown. Based upon
animal studies potential complications may include:

1. Vasogenic edema: Studies in non-human primates demonstrated that injection of

10 ml of a PBS solution containing 1.5 x 10
9
particles of ADV/RSV-tk into a

single site into normal brain tissue (centrum semiovale) caused vasogenic

edema that was visible by MRI at 3 and 6 weeks post-injection. (Appendix A)

Injection of ADV/RSV-tk into tumors may also cause vasogenic edema in

surrounding tissue as well as in the tumor. If clinical signs indicate the presence

of edema, steroids may be administered to alleviate this phenomenon.

2. Tissue destruction: Studies in rodents and non-human primates demonstrated that

single site injections of ADV/RSV-tk at doses ranging from 1.5 x 10
9
to 3.0 x 10

10

particles caused tissue destruction in the presence and absence of GCV.
(Appendix A) At the higher doses (1.2 x 10

9
particles for rats and 3.0 x 10

10

particles for baboons) destruction was grossly visible. At lower doses (1 .5 x 10
9

in baboons) cellular cytopathology was visible at microscopic examination.

3. Dissemination of ADV/RSV-tk - Intracranial: Studies in rodents using a similar

vector containing the bacterial marking gene b-galactosidase have shown that

the vector is transported to areas of the brain distant from the injection site.

(Appendix A) Routes of dissemination appear to be vascular, ventricular, and

axonal transport. Hence, there is the potential that a portion of the vector will be

disseminated throughout the brain. Studies in non-human primates using

ADV/RSV-tk have not revealed adverse reactions away from to the injection site.

4. Dissemination of ADV/RSV-tk - Systemic: There is the potential that ADV/RSV-tk
virus may escape the tumor bed and be disseminated via the blood supply to

transduce other sites in the patient's body. Studies in non-human primates

indicate that if this happens it does not cause observable damage. (Appendix A)

5. Immune reaction to adenovirus: There is a potential that an inflammatory reaction

may be raised either intracranially or systemically as a result of antibodies to

adenovirus present in the patient. Immunological screens will be performed to

identify patients with high titers of antibodies to adenovirae and such patients will

be excluded. Standard clinical therapy will be used, if warranted, in the event

that an inflammatory response is mounted to the virus injection.

6. Recombination with wild type adenovirus: It is theoretically possible that

recombination with an adenovirus harbored by the patient could reintroduce the

El a region back into the virus. Such an recombinant virus that contained the

RSV and/or HSV-tk genes and the regained El sequence would be too large for

packaging in the viral protein coat and would not be recoverable. No viral

product of this type has been documented in animals receiving this type of

vector, nor has it been seen in cultured 293 cells which contain the El region. A
recombinant virus which did not retain the RSV and HSV-tk genes would

resemble a wild type virus which would cause a viral meningitis if formed in the
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brain or a mild, self-limited infection if formed outside the brain. The protocol

calls for microbiological tests to detect the shedding of both recombinant and
wild type virus.

C. Potential Biohazard Exposure to Healthcare Personnel:

1. Surgical personnel: There is a low potential for biohazard exposure to the surgical

personnel. The viral vector is suspended in a small volume (<1 .0 ml) of buffer

and is contained in a septum vial. The syringe is loaded from the vial with no

virus vector loss. Intratumoral injection is made and the amount of leakage

along the needle track is likely to be very minute. In the event of accidental spills

of the virus from the vial common disinfectants can be used to inactivate the

agent. All surgical personnel are instructed on the safe use and potential

biological hazards of the virus vector before the procedures are performed.

2. Post-surgical healthcare workers: There is a potential that ADV/RSV-tk virus may
escape the patient via urine, feces, saliva, mucus, tears or other excretions.

Studies in non-human primates indicate that the potential is low since studies

show that only one plaque was detected in the serum of one baboon of 6 that

were injected 2 days previously with the vector. (Appendix B). Exposure to

shedded replication-defective virus will pose a very limited hazard as the titers

will be extremely low. There is a theoretical possibility that the vector could

recombine with wild type adenovirus harbored by the patient (see above).

Infection with this virus would cause a mild, self-limited infection similar to a

common adenovirus infection. Until it has been proven by microbiological tests

that the patient is not shedding virus strict biohazard procedures will be

practiced. Healthcare workers will be instructed on the safe use and potential

biological hazards of the virus vector before they are allowed to work with the

patients.

D. Ganciclovir Sodium (GC V; Cytovene®).

Ganciclovir (Cytovene®), used in this trial is manufactured by Syntex Corporation

(Palo Alto, CA). The drug is approved for the treatment of CMV retinitis in the

immunocompromised patient and for the prevention of CMV disease in transplant patients at

risk for CMV disease. The intravenous form will be used in this protocol. It will be

administered IV over one hour at 5 mg/kg/dose twice daily (q 12 hours) for 14 days

beginning 24 hours after virus injection (total doses = 28 ).

For IV administration, ganciclovir is supplied in 10 ml vials containing lyophilized

ganciclovir sodium powder equivalent to 500 mg ganciclovir and 46 mg sodium. The
lyophilized powder is stable for 42 months at 25° C (77° F). The reconstituted solution is

stable for at least 12 hours at 25° C in Sterile Water for Injection. Admixture preparations in

0.9% Sodium Chloride are stable for at least 24 hours when refrigerated.

Clinical studies of intravenous ganciclovir have been performed at the 10 mg/kg/day

dose that will be used in this protocol. The drug is excreted in the urine largely

unmetabolized (90%). Plasma protein binding is only 1-2%. Plasma levels at the end of a

one hour infusion were an average of 8.3 mg/ml (±_4.0). Trough levels 1 1 hours after

infusion were 0.56 mg/ml (± 0.66). The plasma half-life was 2.9 hours (± 1.3).
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The most common adverse events with ganciclovir were leukopenia and

thrombocytopenia. Leukopenia (absolute neutrophil count < 1000) occurred in 42% of

patients with AIDS, 41% of bone marrow allograft recipients and 7% of heart allograft

recipients. Thrombocytopenia (platelet count < 50,000 cells/uL occurred in 13% of AIDS
patients, 57% of bone marrow allograft recipients and 8% of heart allograft recipients. Other

than leukopenia and thrombocytopenia, a rash, anemia, or abnormal liver function values

were reported in 2% of treated patients. The following occurred in 1% or fewer ganciclovir

treated patients and may have been related to the drug: chills, edema, infections, malaise,

arrhythmia, hypertension, hypotension, central nervous system symptoms (abnormal

thoughts or dreams, ataxia, coma, confusion, dizziness, headache, nervousness,

paresthesia, psychosis, somnolence, tremor), gastrointestinal symptoms (nausea, vomiting,

anorexia, diarrhea, hemorrhage, abdominal pain), eosinophilia, hypoglycemia, dyspnea,

alopecia, pruritus, urticaria, hematuria, abnormal renal function and pain and/or

inflammation at the injections site. Adverse events reported in immunocompromised adults

receiving ganciclovir were primarily granulocytopenia (17%) and thrombocytopenia (10%).
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VII. APPENDICES:

APPENDIX A: PRE-CLINICAL STUDIES

I. VECTOR CONSTRUCTION

The ADV-tk vector was prepared by inserting HSV-tk into the plasmid pADL.I/RSV

which contained the Rous sarcoma virus long-terminal-repeat promoter (RSV-LTR) to

generate pADL.I/RSV-tk (Fig 1, Chen, et al.
,
1994). Recombinant adenovirus was produced

by co-transfecting 293 cells with pADL.I/RSV-tk and a plasmid, pJM17, containing the

adenovirus genome. The 293 cells are transformed human kidney cells that contain the El

region of the adenovirus genome. When 293 cells were co-transfected with pADL.I/RSV-tk

and pJM17 replication-defective adenovirus was produced by homologous recombination

(Graham and Prevec, 1991). Virus titer was determined by optical absorbance at 260 nm. A
replication-deficient adenovirus vector carrying the E. coli b-galactosidase gene under

control of the RSV-LTR (ADV-(3gal) was provided by M. Perricaduet (Institut Gustave

Roussy, Centre National de la Rechercher Scientfique, Villejuif, France) and was used as a

control vector (Stratford-Perricaudet et al., 1990).

II. IN VITRO EXPERIMENTS

Quantitative Transduction of C6 Glioma Cells In Vitro by Recombinant Adenovirus

Adenovirus transduction of C6 cells in vitro was tested using ADV-pgal. The C6 cell line

was originally derived from a rat glial tumor induced by N-nitrosomethylurea (Benda et al.,

1968). The C6 glioma cells, purchased from the American Type Culture Collection (ATCC),

were maintained in Dulbecco's modified Eagle medium (DMEM) supplemented with 10%
fetal bovine serum, penicillin (100 U/ml), and streptomycin (100 mg/ml) in 5% C02 at 37°C.

C6 cells (5 x 10
5

) were plated on 1.5 cm diameter wells, transduced with ADV-bgal at

various viral doses of 0, 125, 500, and 2000 M.O.I. and then stained for bgal activity 48

hours later (Sanes et al., 1986). As demonstrated by X-gal staining of bgal activity, ADV-
bgal efficiently transduced the C6 glioma cells in vitro at a multiplicity of infection ( M.O.I.)

greater than 125 (Fig. 2).

Transduction of Human Glial Cells In Vitro by Recombinant Adenovirus

Several cell lines derived from human neural tumors were tested for their capacity to

be transformed with adenovirus vectors. Cell lines were purchased from ATCC and cultured

using the conditions above. The cells lines and their descriptions are:

A-172 -glioblastoma

H4 - neuroglioma, brain

SW-1088 -astrocytoma

U-373 MG - glioblastoma, astrocytoma, grade III

Cells were transduced with ADV-bgal at M.O.I.s of 200, 500, 1000, and 4000 and stained for

bgal activity 48 hours later. The vector transduced all 4 cell lines at different efficiencies

(Fig. 3).
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Cytopathicity of GCV in HSV-tk Transduced C6 Glioma Cells

To determine whether introduction of the HSV-tk gene would render C6 cells

susceptible to killing by GCV, ADV-tk was used to transduce C6 glioma cells in culture. The
viral thymidine kinase activity in cellular extracts was determined by

3
H-acyclovir

phosphorylation (Fyfe et al., 1978). The HSV-tk gene was expressed at high levels in

transduced C6 cells and saturation was achieved after transduction at an M.O.I. of 1000
(Fig. 4A). To test whether C6 glioma cells expressing the HSV-tk gene were susceptible to

GCV toxicity, the transduced cells were treated with either phosphate buffered saline (PBS)
or 10 mg of GCV per ml of culture medium (Fig. 4B). An M.O.I. of 300 and above resulted

in greater than 90% cell death. There was no cytotoxic effect of GCV on cells transduced

with the control virus (ADV-ligal).

III. ADENOVIRAL-MEDIATED TREATMENT OF C6 EXPERIMENTAL GLIOMAS IN NUDE
MICE

Regression of C6 Glioma in Brains of Nude Mice After In Vivo Gene Therapy.

In view of the GCV susceptibility of HSV-tk-expressing tumor cells in vitro, we tested

whether direct transduction of C6 gliomas in vivo followed by GCV treatment would cause

tumor regression. Athymic nude mice were chosen as host animals so that we could test the

effect of the ADV-tk/GCV treatment could be tested in the absence of a cellular immune
response.

Athymic nude mice, 6-8 weeks old, were anesthetized with avertin (30 ml/kg) and

placed in a stereotaxic frame. A burr hole was drilled in the skull 1 mm anterior and 2 mm
lateral to the bregma with a 0.9 mm burr to expose the dura. C6 tumor cells were harvested

for injection by treating the cells at 37°C with 0.25% trypsin in 1.0 mM ethylenediamine

tetra-acetic acid (EDTA) for 5 minutes. The cells were collected in DMEM, washed, and

resuspended in Hanks' balanced salt solution (HBSS) at a concentration of 1.0 x 10
4

cells/ml. Cells were counted before and after concentrating and prior to injection with a

hemacytometer. Following the implantation procedure, the viability of the cell preparation

was assessed by trypan blue exclusion analysis. Using a microliter syringe (Hamilton, Reno,

NV) fitted with a 26 gauge needle and connected to the manipulating arm of the stereotaxic

frame IxlO
4 C6 glioma cells in 1 ml of Hank's buffered saline were injected over 2.5 min into

the caudate nucleus at a depth of 3.5 mm from the dura. The needle was left in place for 3

min and then withdrawn slowly over another min. The gliomas grew rapidly in the caudate

nucleus, invaded the cerebral cortex and spread through the injection needle tract into the

subgaleal space of the scalp. Untreated animals survived an average of 23 days after

tumor cell injection.

Eight days after tumor cell injection, when the tumors were approximately 0.4 mm 2
in

size, 3x1

O

0
particles of ADV-tk or ADV-bgal were injected stereotaxically into the tumors.

The same coordinates were used for the injection of virus except that the needle was placed

1 mm deeper than the tumor cells and the virus was injected at 6 points, 0.5 mm apart,

along the needle tract as the needle was withdrawn. The needle was coated with carbon

particles (<30 mm) to mark the needle tract and to verify co-localization of the virus injection

with the tumor ADV-tk or ADV-bgal virus (3 x 10
8
viral particles in 3 ml in PBS) was

injected in a volume of 0.5 ml at each of the 6 positions over 10 min. The needle was left in

the tissue for an additional 3 min and then was slowly withdrawn. The scalp wound was

closed with Autoclips (Clay Adams, Parsippany, NJ).

24
]
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Twelve hours after viral injection the animals were treated intraperitoneally twice daily

with either GCV or PBS for 6 consecutive days. Four treatment groups of 5 animals each

were established: (1) ADV-bgal and PBS (TK-G-); (2) ADV-bgal plus GCV (TK-G+); (3)

ADV-tk plus PBS (TK+G-); and (4) ADV-tk plus GCV (TK+G+). The GCV treatment groups

were treated intraperitoneally with GCV at a dose of 125 mg/kg body weight twice daily for 3

days and then at 100 mg/kg for another 3 days. The other groups were treated with PBS.

One animal in the TK+G+ group died 15 days after C6 injection and 2 days after the

completion of the GCV treatment. The remaining animals were sacrificed 20 days after

tumor implantation and fixed by intracardial perfusion of 4% paraformaldehyde in PBS. The
brains were removed, cryoprotected in 21% sucrose in PBS, and frozen in OCT. Ten micron

coronal sections were taken from the tumor implantation site and stained with hematoxylin

and eosin. Image analysis was performed using Bioscan Optimas software (Edmonds,

WS). All of the animals in the TK+G-, TK-G+, and TK-G- groups had large cerebral tumors

(Fig. 5A) that had compressed and infiltrated adjacent brain parenchyma. The tumors were

characterized by hypercellularity, nuclear pleomorphism, and focal vascular proliferation

(Fig. 5B). Necrosis was not observed in any of the tumors but some had microhemorrhages.

In contrast, 2 of the 4 animals in the TK+G+ group were tumor free (Fig. 5E) and 2 animals

had small residual gliomas surrounding the injection tract (Fig. 5C). In animals without

residual tumor, a small collection of macrophages and erythrocytes was present at the

tumor injection site (Fig. 5F). Computerized morphometric analysis of the maximal cross-

sectional area of the tumor revealed a 23-fold difference between the mean of the

experimental group (TK+G+) and the mean of the 3 control groups (Fig. 6). There was a

slight, but statistically significant (p=0.008), reduction in the mean cross-sectional area of

the TK-G+ group when compared to the TK-G- and TK+G- groups, suggesting that GCV
treatment may have had an inhibitory on tumor growth (Fig. 6).

Assuming that the tumors were spherical, the TK+G+ animals had tumors with a mean
volume of 0.06 mm 3

,
whereas the control groups had a mean tumor volume of 32.1 mm3

.

Based upon counting nuclei in representative sections and computing mean nuclear density,

the mean number of tumor cells in the TK+G+ group was 6 x 10
4

,
and the number of tumor

cells in the control groups was 3.2 x 1

0

7
,
indicating that the gene therapy resulted in a 2.73

log tumor cell reduction.

HSV-tk Transduced Normal Brain Cells are Refractory to GCV Toxicity.

To determine if ADV-tk and GCV had any deleterious effect on normal brain tissue, we
examined coronal sections remote from the tumor site in each animal. In addition, ADV-tk

and GCV was administered to 2 nude mice without tumors and their brains were examined.

No necrosis, demyelination, loss of neurons, ependymal damage or inflammatory response

was observed remote from the tumors and/or needle tracts.

IV. ADENOVIRAL-MEDIATED TREATMENT OF 9L EXPERIMENTAL GLIOMAS IN

FISCHER RATS

In the previous experiments using C6 gliomas in nude mice we demonstrated

significant tumoricidal effect of ADV-tk/GCV treatment in the absence of a complete cellular

immune system. However, despite a 500-fold reduction in tumor volume, 80% of the ADV-
tk/GCV treated mice had residual tumors. Hence, we repeated these experiments usina an
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immuno-competent host and tumor cells syngeneic to the host so that the experimental

glioma model more closely modeled a naturally-arising glioma.

ADV-tk/GCV Treatment of 9L Experimental Tumors

In vivo the 9L tumor cells exhibit morphology described as mixed glioblastoma

multiforme and sarcoma, or gliosarcoma (Barker et al., 1 973; Weizsaecker et al., 1981) The
9L glioma cells (kindly provided by P.J. Tofilon of M.D. Anderson Hospital, Houston, TX)

were maintained in DMEM supplemented with 10% fetal bovine serum, penicillin (100 U/ml),

and streptomycin (100 mg/ml) in 5% C02 at 37°C. The tumor cells were harvested for

injection by treating the cells at 37°C with 0.25% trypsin in 1.0 mM EDTA for 5 minutes. The
cells were collected in DMEM, washed, and resuspended in HBSS at a concentration of 2.0

x 10
3
cells/ml. Cells were counted before and after concentrating and prior to injection with a

hemacytometer. Following the implantation procedure the viability of the cell preparation

was assessed by trypan blue exclusion analysis.

Adult female Fischer 344 rats (155-175 grams) were used as host animals. Rats were

anesthetized with an intramuscular injection (0.6 ml/kg) of an anesthetic consisting of

ketamine (42.8 mg/ml), xylazine (8.6 mg/ml), and acepromazine (1.4 mg/ml) and were
placed into a stereotaxic frame. A mid-line incision was made in the scalp, and a burr hole

was made with a 0.9 mm drill bit 1.8 mm to the right and 2.5 mm anterior to the bregma.

Using a 10 ml syringe fitted with a 26 gauge needle and connected to the manipulating arm

of the stereotactic frame, 1 x 10
4
9L glioma cells suspended in 5 ml of HBSS were injected

in 0.2 ml increments over 5 minutes into the right caudate nucleus at a depth of 4.5 mm
from the dura. The needle was left in place for 3 minutes and then withdrawn slowly over

another 3 minutes. The burr hole was closed with bone wax and the scalp wound was
closed with clips. Tumors were 1 .65 ± 0.094 mm 2

(n=4) in diameter 9 days after tumor cell

injection and, if left untreated, killed the hosts at a mean time of 20 days after implantation.

Eight days after 9L tumor cell injection either ADV-tk or ADV-bgal was injected into the

tumors using the same coordinates that were used for tumor implantation. Viral particles

(1.2 x 1

0

9
)
in 6 ml of 10 mM Tris-HCI, pH 7.4, 10% glycerol and 1 mM MgCI 2 were injected

at 6 sites within the tumor bed. Starting at a depth of 5.5 mm below the dural surface, 1 ml

of virus was injected and the needle raised 0.5 mm where another 1ml was injected. This

was repeated until a total of six 1 ml injections were made through the core of the tumor.

Virus was injected over 5 minutes at each position and then the needle was withdrawn

slowly over 5 minutes. Carbon particles (<30 mm) were placed on the shaft of the injection

needle to mark the injection site. The wound was closed with clips.

To test the effectiveness of ADV-tk and GCV treatment on experimental 9L tumors, 3

treatment groups were established: 1) ADV-tk plus 100 mg/kg GCV (n=6); 2) ADV-bgal plus

100 mg/kg GCV (n=4); 3) ADV-tk plus saline (n=7). Treatment began 12 hours after viral

injection. The animals received intraperitoneal injections of GCV or of normal saline twice a

day for 6 consecutive days. Twenty days after tumor cell injection or at death, the animals

were perfused with fixative, the brains sectioned and stained, and the tumor size

morphometrically determined. Animals that were treated with ADV-bgal and GCV
(lOOmg/kg) or with ADV-tk and saline all had large tumors 20 days after tumor cell injection

(Fig. 7A). The tumors were characterized by hypercellularity, nuclear pleomorphism, and

mitoses without inflammatory cell infiltration. The tumors were generally well circumscribed

and caused compression of adjacent brain tissue. However, focal peri-vascular glioma

infiltration into adjacent brain was seen. In contrast, no tumor cells were seen in the brains
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of animals that received ADV-tk and GCV (100 mg/kg) treatment (Fig. 7B). Instead,

macrophages, lymphocytes, neutrophils, necrosis and hemorrhage were apparent in the

tumor injection area (Fig. 8). Although the ipsilateral intraventricular ependymal cell lining

appeared damaged in some specimens, no necrosis, loss of neurons, demyelination, or

inflammatory response was observed beyond the tumors or injection sites.

Effect of GCV Dose on ADV-tk Treatment of 9L Tumors

The effect of GCV dosage on the effectiveness of ADV-tk treatment was determined

by establishing 7 experimental groups (n=4 for each group) that were implanted with 9L

cells, treated with 1 .2 x 10
9
ADV-tk and then treated with GCV at doses of 0, 10, 20, 50, 80,

100 and 150 mg/kg twice daily for 6 days. Twenty days after tumor induction the animals

were perfused with fixative, the brains sectioned and stained, and the tumor size measured.

Large tumors were present in animals treated with ADV-tk and saline and in animals treated

with ADV-(3gal and GCV whereas animals that were treated with ADV-tk and GCV at doses

of 80 to 150 mg/kg had no residual tumors. Although animals treated with GCV at doses of

less than 80 mg/kg had small residual tumors, morphometric analysis of tumor size in

animals treated with different doses of GCV showed that even at lOmg/kg of GCV the ADV-
tk plus GCV treatments had significant effects (P<0.005) on tumor size (Fig. 9.) A significant

reduction (P>0.005) in tumor size was present in animals treated with ADV-bgal and 150

mg/kg GCV compared to animals treated with ADV-tk and saline. This suggests that GCV
itself, at high concentrations, may exhibit some inhibitory effects on the rate of tumor growth

independent of thymidine kinase activity.

Survival After ADV-tk/GCV Treatment of 9L Tumor-bearing Fischer Rats

To test the effect of ADV/RSV-tk and GCV treatment on long-term survival, a total of

16 tumor-bearing animals were treated with ADV/RSV-tk and GCV and 7 animals were

treated with ADV/RSV-bgal and GCV in three experiments (Fig 10). The animals were
monitored daily and, if they exhibited signs of morbidity or if they died, their brains were

removed for histological analysis if possible. All control animals that were treated with

ADV/RSV-bgal and GCV died within 22 days after tumor injection and had large intracranial

tumors upon necropsy. In the first experimental group one animal of 5 developed a large

extra-cranial tumor and was perfused at 79 days. Histological analysis indicated a tumor

contralateral to the original injection site. Another animal died at 131 days of suspected

peritonitis. The remaining 3 have lived past 210 days. In the second experimental group of 7

animals 2 died 38 and 62 days after tumor cell injection of unknown causes. A third died at

151 days of suspected peritonitis. To date, the remaining 4 animals have survived over 175

days. In the last group of experimental animals 3 of the 4 animals survived over 123 days.

One animal was perfused at 123 days and the other two were perfused at 137 days after

tumor cell injection. No tumor cells were seen in the brains of these 3 animals. One animal

died at 100 days. No tumor was present in the brain of this animal and no other cause of

death was apparent at necropsy.

V. VECTOR SAFETY TESTING IN NON-HUMAN PRIMATES

In May 1994 we began FDA-suggested toxicity tests of the ADV/RSV-tk and GCV
treatment in baboons (Papio cynocephalus) in collaboration with Dr. Dee Carey and

colleagues at the Southwest Foundation for Biomedical Research in San Antonio, TX.
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Virus was produced by the Baylor/Texas Children's Hospital GLP facility. The titer

was 1.6 x 10
11

particles/ml as determined by optical density. The vector was tested for in

vitro and in vivo toxicity, tk function tests, replication competence, and contamination.

Before virus injections MRs were performed on all baboons. Pre-op samples of serum,

sperm, urine, and stool were collected and tested wild-type adenovirus. Serum was tested

for neutralizing antibodies to wild-type adenovirus.

Three treatment groups were established:

Group 1 - Moderate dose ADV/RSV-tk, with GCV. 6-week survival. A moderate dose
of ADV/RSV-tk (1.5 x 10

9
particles in 10 ml PBS with 10% glycerol) was injected into the

centrum semiovale of a 16.3 year-old, cycling female and a 17.5 year-old male baboon.

Beginning the following day they began treatment with 10 mg/kg of GCV twice daily for 14

days. Samples were taken at 2 and 7 days post-injection for analysis for virus and anti-

adenoviral antibodies. At 3 weeks following virus injection the animals were MR imaged with

gadolinium enhancement. At approximately 6 weeks following virus injection plasma, serum,

urine, stool and sperm samples were again collected for analysis for the presence of

shedded virus and the presence of antibodies to adenovirus, the brains were imaged with

gadolinium enhancement, and the animals were necropsied.

Gross examination of the brains showed no abnormalities. Specifically, no necrotic

cavities, mass effect, hemorrhage, or subarachnoid clouding were seen. The brains were

sampled extensively for microscopic evidence of abnormality, and in both, small areas of

macrophage infiltration and mild perivascular lymphocytic cuffing were present in the

centrum semiovale of the right hemisphere. No cuffing was present beyond the right

hemisphere, and no white matter edema was present. No leptomeningitis was evident. No
necrosis or viral inclusions were seen. The choroid plexus and ependyma were intact.

No systemic pathology was seen with the exception of focal hepatic lymphocytic

infiltrates without necrosis in one animal. The systemic examination in the other animal was
normal.

Group 2 - High dose ADV/RSV-tk. with GCV. 3-week survival. At the FDA's explicit

request two baboons were treated with a high dose of ADV/RSV-tk and GCV. ADV/RSV-tk

(3 x 10
10

particles in 200 ml PBS with 10% glycerol) into the centrum semiovale of a 16

year-old, cycling female and a 11 year-old male baboon. The following day the animals

began treatment with 10 mg/kg of GCV twice daily for 14 days via the tether system. At 2

days post-injection and at 1 week post-injection plasma, serum, urine, stool and sperm

samples were collected for analysis for the presence of shedded virus and the presence of

antibodies to adenovirus. We had planned that if no virus was found, the animals would be

imaged with gadolinium enhancement at approximately 3 weeks following virus injection

necropsied the next day. The male baboon died 5 days after virus injection.

These animals died or were euthanized at 5 and 10 days following vector injection and

initiation of GCV treatment. In both there was a 1.5 to 1.8 cm area of liquefactive necrosis

at the injection site. These necrotic masses exerted mass effect. Histopathological

examination revealed acute inflammation characterized by polymorphonuclear cells and

lymphocytes admixed with eosinophilic liquefactive necrosis of the centrum semiovale.

Radiating from the necrotic mass was cerebral edema evinced by white matter spongiosis.

Intense lymphocytic perivascular cuffing was seen up to 1 .5 cm away from the injection

cavity in the right hemisphere. Coagulative necrosis was seen transmurally in vessels
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adjacent to the injection site. Rare foci of perivascular infiltrate was seen in the left

hemisphere, brainstem, and cerebellum. Multifocal subarachnoid lymphocytic infiltration

was present predominantly over the right hemisphere, but was present to a lesser extent

over the left hemisphere and around the brainstem and cerebellum. No choroid plexus or

ependymal destruction was present although focal choroid plexus inflammation was seen on

the right in the animal surviving for 10 days. No viral intranuclear inclusions were seen.

Luxol fast blue stained sections disclosed no loss of myelin except in the necrotic cavities.

Systemic examination disclosed congested lungs in the animal dying on day 5; and

microscopic examination demonstrated eosinophilic material filling the alveolar spaces

suggestive of neurogenic pulmonary edema. No pulmonary inflammation was present. The
animal euthanized at 10 days showed no systemic pathology.

Group 3- High dose ADV/RSV-tk. no GCV treatment. 3- and 6-week survival. To
differentiate between the effect of virus injection and virus injection plus GCV administration

2 male baboons (10.5 and 1 1.5 years-old) were injected with 3 x 10
10

particles of ADV/RSV-
tk in the same manner as above. These two animals were not treated with GCV. Samples
were taken and analyzed as described above. One baboon was necropsied at 3 weeks
after the first post-injection MR. The other baboon was necropsied at 6 weeks after the

second MR. Tissue and fluid samples were analyzed as above.

The animal examined at three weeks had a 1.5 cm cystic cavity in the right centrum

semiovale. No mass effect, herniation, or hemorrhage was grossly present.

Histopathologically, the cavity was filled with macrophages containing lipid debris. Adjacent

to the cavity was mild gliosis, persistent lymphocytic inflammation, perivascular lymphocytic

cuffing, and minimal white matter edema. No viral inclusions were seen, and the choroid

plexus and ependyma were intact. Mild focal subarachnoid space collections of

lymphocytes were present over the right hemisphere, but not the left or around the

brainstem. No systemic pathological alterations were present.

The animal examined at six weeks after treatment had a 1.6 cm slightly irregular cystic

cavity in the right posterior centrum semiovale. The lining of the cavity wall was light brown,

and no mass effect, herniation, or hematoma was evident. Microscopic examination

demonstrated lipid-laden macrophages within the cavity wall, persistent lymphocytic infiltrate

in the wall and around nearby blood vessels, and minimal edema and gliosis immediately

adjacent to the cavity. No choroid plexus, ependymal, and or residual leptomeningeal

infiltrate was seen. No systemic pathological alterations were present.

In summary, there appears to be a dose dependent neurotoxic effect of vector with

high dose treatment groups having coagulative necrosis at the injection site which over time

is cleared by macrophages to produce cystic cavities. The process persists for six weeks
although the inflammatory component is resolving by this point. GCV appears to potentiate

the clinical toxicity of the high dose vector since both animals receiving high dose vector

plus GCV died or became ill enough to require euthanasia. The moderate dose vector plus

GCV animals exhibited only microscopic evidence of neurotoxicity at the injection site. The
adenoviral vector exerts dose dependent cytopathic effects via the penton structural

proteins paralleling the cytopathic effect of wild type adenovirus. In the this experiment, the

fact that the high dose groups both with and without GVC had necrosis while the moderate

dose animals receiving GVC did not, strongly suggests direct cytopathic effect of vector

rather than toxicity arising from tk conversion of GVC to toxic compounds. This experiment

establishes the dosage threshold for cytopathology of 1 .5 x 10
9
particles. Vector dosage
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below this threshold coupled with GVC should be toxic to dividing tumor cells while sparing

non-dividing CNS cellular constituents.

MRI Analysis of Baboon Brains Treated with Moderate and High Doses of ADV/RSV-tk

The gross neuropathological alterations appear to be reflected in the MRI findings.

Unfortunately, our high dose vector plus GCV animals succumbed before follow-up MRI's

could be obtained. The high dose vector without GCV animals both exhibited areas of high

signal intensity on T2 weighted images at three weeks corresponding to the cystic cavities

seen at three and six weeks at necropsy. At three weeks some minimal mass effect was
demonstrable by MRI. The six week MRI of the remaining animal in this group showed
better delineation of the cystic cavity corresponding to the gross pathological finding of a

resolving circumscribed cavity. Leakage of gadolinium was seen in these animals

corresponding to the inflammatory changes around blood vessels. The moderate dose

vector plus GCV animals exhibited much less impressive MRI alterations, and no cavity

formation was seen by imaging or gross inspection corresponding to the lower toxic effect of

the treatment regimen. These results indicate that MRI can be used to monitor tissue

effects of this therapy.

PCR Analysis of Tissues from Baboons Injected with Moderate and High Doses of

ADV/RSV-tk

Necropsy tissue (2-3 mm diameter) was used for the analysis. In cases of larger organ

specimens (brain, liver, etc.) multiple (4 to 6) tissue samples were collected and pooled.

Total DNA was isolated using SDS and proteinase K (Ausubel et al., 1987). A 1 ml aliquot

of DNA from each sample was used in the PCR reaction. The primer oligonucleotides used

were a sense primer Adv.3205 (5'GTGTTACTCATAGCGTAA3') and an antisense primer

RSV 270A (5'GACTCCTAACCGCGACA3'), the former primer situated in the adenoviral and

the latter in the RSV-LTR sequences and both 5' of the thymidine kinase gene in the

recombinant plasmid pADL-1/RSV-tk used to generate the recombinant virus. The PCR
reaction was carried out for 30 cycles of 30s @ 92°C, 30 s @ 50°C, and 1 m @ 72°C. The
reaction mixture consisted of 50 mM of each dNTP nd 50 pM of each of the primers and 4

units of Taq polymerase in a total volume of 100 ml (Saiki, 1990). At the end of PCR a 10ml

aliquot of the product was electrophoresed on a 4% NuSieve agarose gel. The gel was
stained with ethydium bromide and visualized under UV light. Those samples that yielded a

232 bp fragment as seen on the gel were scored positive. The site of injection was positive

in 3 of the 4 animals that received high doses of virus. One animal that had virus sequence

at the injection site also had virus in its spinal cord. The other two animals that were positive

at the injection site were negative in other areas of the CNS. No other tissues, including

gonadal tissue, were positive for ADV/RSV-tk sequences. The results of the analysis are

listed in Table 1.

[730]
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TABLE 1. PCR analysis of tissues from baboons injected with ADV/RSV-tk. ND = not

done.

ORGAN Mod. dose

+ GCV; _

Mod. dose
+ GCV; _

High dose
+ GCV; _

High dose
+ GCV; _

High dose
- GCV; _

High dose
- GCV; _

Injection site - - + + + -

CNS distal to site - - + - - -

Lung ND - ND - - -

Kidney - - - - ND

Ovary/Testis - - - -

* Removed before study.

FIGURES

Construction of Recombinant Adenovirus Vector

Containing the HSV-tk Gene

p J M 17

X

Fig. 1 Cloning strategy for

ADV/RSV-tk. The 2.8 kbp Bgl II to

BamH I fragment containing the

HSV-tk gene and poly-A tail was
inserted into the BamH I site of the

plasmid pADL.I/RSV previously

constructed in Dr. Woo's laboratory

by Dr. B. Fang to generate the

plasmid pADL.I/RSV-tk. To produce

the recombinant adenovirus,

pADL.I/RSV-tk and pJM17, a

plasmid containing the adenovirus

genome modified so that it is too

large to be packaged (supplied by

Dr. Frank Graham of McMaster
University), were co-transfected into

the 293 transformed human kidney

cell line by the calcium phosphate

method. Recombinant adenovirus was isolated from a single plaque, expanded in the 293
cell line and purified by cesium gradient ultracentrifugation (Graham and Prevec, 1991).

pADL.I/ RSV-tk

HSV-tk

-
)
HSV-tk

Co-transfection into

293 cells (E1+)

ADV/ RSV-tk
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Fig. 2 The transduction efficiency of adenovirus in C6 glioma cells in vitro was demonstrated
by using a recombinant adenoviral vector containing the bacterial bgal gene. The bgal
enzyme contains a nuclear translocation signal and results in dense nuclear staining. C 6
cells (5 x 10

5

) were plated on 1.5 cm diameter wells, transduced with ADV-bgal at various
viral doses, and stained with X-gal 48 hours later. A, M.O.I. = 0; B, M.O.I. = 125 C MOI
= 500 and D, M.O.I. = 2000.

> v -v* • * -

ADV Transduction of Human Neural Cell Lines

Fig. 3 ADV-bgal transduction of glial cells of human origin. The cell lines are: A172
glioblastoma (), A4 neuroglioma (•); SW1088 astrocytoma (); U373 glioblastoma ().

Recombinant DNA Research, Volume 20



Fig. 4 Transduction of C6 glioma cells with ADV-tk in vitro. A, expression of HSV-tk gene in

C6 glioma cells after transduction by ADV-tk. 5 x 10
6
cells were plated on 1.5cm diameter

wells and transduced with the viral vector using different M.O.I. as indicated. Cells were

harvested two days later and protein extract was prepared by freeze thawing. The
thymidine kinase activity was determined by phosphorylation of

3
H-acyclovir as described

previously (8). B, GCV susceptibility of ADV-tk transduced C6 glioma cells. Duplicate plates

of C 6 glioma cells were incubated for 6 hr with ADV-tk at M.O.I.s of 0 to 1000. After

transduction the cells were treated with either PBS or GCV at a concentration of lOmg/ml,

and the surviving cells were counted 68 hr later.
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Fig. 5 Photomicrographs of coronal sections of brains from treated and untreated mice. A,

a TK+G- treated animal showing the presence of a large tumor (outlined by arrows). B,

higher magnification of the tumor in figure A showing the carbon particles used to mark the

adenovirus injection site. C, a TK+G+ treated animal showing a small residual tumor along

the needle tract (arrow). D, detail of the residual tumor at the site indicated by the arrow in

figure C showing carbon particles. E, a TK+G+ treated animal with no residual tumor. F,

detail of injection site in figure D showing red blood cells, macrophages, and carbon

particles at the site marked by the arrow in panel E. Bars equal 1 mm (A.C.E) and 50 mm
(B,D,F).
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Fig. 6 Cross-sectional areas of tumors in the 4

experimental groups: (1) ADV/bgal and PBS
(TK-G-)

; (2) ADV/bgal plus GCV (TK-G+); (3)

ADV-tk plus PBS (TK+G-); and (4) ADV-tk plus

GCV (TK+G+). The maximal cross-sectional

areas of the tumors were measured by

computerized morphometric analysis. The

mean cross-sectional area of the treated group

was 0.381 ± 0.48 mm 2
(n=4) compared to

7.195 ± 0.88 mm 2
(n=5) for the TK-G+ group,

9.584 ± 1 .24 mm2
(n=5) for the TK+G- group,

and 9.268 ± 1 .00 mm 2
(n=5) for the TK-G-

group.

E
E
03
CD

O
E
=3
E—

E
X
CO

Fig. 7 Photomicrographs of coronal sections of brains from animals that had received 9L

tumor cell injections and then were treated with A ADV-bgal and GCV or B ADV-tk and GCV
(lOOmg/kg). An arrowhead marks the former tumor site. The animals were perfused with

fixative 20 days after tumor cell injection.
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Fig. 8 The presence of macrophages in brain parenchyma adjacent to the former tumor bed
is indicated by immunocytochemical localization of EDI antigen on cells (representatives

shown by arrowheads).

Fig. 9 The effect of GCV dose on brain tumor
size after adenovirus-mediated gene therapy.

Small residual tumors were noted in some
brains of ADV/tk treated rats that received

less than 80 mg/kg GCV. Error bars = S.D.

Treatments, mean tumor areas ± S.D.,

and sample sizes are: A ADV-tk + PBS,
36.89±6.73 mm 2

(n=3); B ADV-bgal + 150
mg/kg GCV, 28.75±0.55 mm 2

(n=4); C ADV-
tk + 150 mg/kg GCV, 0 mm2

(n=2); D ADV-tk
+ 100 mg/kg GCV. 0 mm2

(n=4); E ADV-tk +

80 mg/kg GCV, 0 mm2
(n=2J; F ADV-tk + 50

mg/kg GCV. 0.25±0.29 mm (n=4); G ADV-tk
+ 20 mg/kg GCV, 0.029±0.01 mm 2

(n=3)*; H
ADV-tk + 10 mg/kg GCV, 0.01 ±0.004 mm 2

(n=4). (Note: One animal was removed from
group G that had a large (7.06 mm 2

) tumor.)

Maximal Tumor Area (mm?)

0 10 20 30 40 50
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Fig. 10 Survival study of animals treated with

either ADV-bgal or ADV-tk and then 50 mg/kg

of GCV twice daily for 6 days. A Those animals

treated with ADV-bgal plus GCV died within 22

days (
;
n = 7); B animals in the first

experimental group treated with ADV-tk plus

GCV remain alive after 210 days (— ;n=5)

except for one animal that died at 79 days from

an unknown cause and another that died of

peritonitis at 131 days. C Animals in the

second experimental group have remained

alive up to 174 days expect for 3 that died at

38, 62, and 151 days after tumor injection from

suspected peritonitis (
;
n=7). D Animals

in third experimental group remained alive to

123 and 137 days when they were perfused for

histological examination (+) except for one

animal that died after 98 days from an

unknown cause (
;
n=4).

Fig. 11 Gross appearance of sites of viral injection in baboon brains. A. Site of injection 6

weeks after injection of 3 x 10
10

viral particles (high dose) and no GCV treatment. B. Site of

injection 6 weeks after injection of 1.5 x 10
9
viral particles and treatment with GCV.
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Fig. 12 MRI scans of baboon brains injected with ADV/RSV-tk A. T2 weighted scan of a

baboon brain 6 weeks after injection with 3 x 10
10

particles of ADV/RSV-tk. B. T2 weighted

scan 6 weeks after injection of 1 .5 x 10
9
particles and treatment with GCV.

'I
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I. INTRODUCTION

This study is designed primarily to evaluate the safety of using a virus created in the

laboratory as part of a treatment for tumors of the brain. In addition, the effect of the

treatment on the tumor will be carefully monitored.

You are being asked to voluntarily participate in this research project to be carried out

at Baylor College of Medicine and The Methodist Hospital. We plan to enroll approximately

20 people into this study over several years. All research projects that are carried out in

these institutions are governed by the rules of the Baylor College of Medicine and the

Federal Government. Participation in these studies is entirely voluntary. You may gain no

personal benefit from participating in this study; however, knowledge will be gained which

will help to develop new treatments that may benefit others with similar diseases.

Withdrawal from this study or refusal to participate for any reason may be done at any time

and will not in any way affect the care that you receive.

You are being asked to read the consent form carefully. It will describe the nature of

the study and the risk, or inconveniences, that it may present to you. Please do not hesitate

to ask any questions or discuss any issues about this study with your physician, the

scientists involved in this study, or others you feel would be helpful. If you decide to

participate in this study, you will be given a copy of this form.

Summary

There is no effective treatment for malignant brain tumors that recur following surgery,

radiation therapy, and/or chemotherapy. Therefore, we have developed a new experimental

approach, for the treatment of recurrent brain tumors, that takes advantage of knowledge

gained in the fields of virology, genetics and gene therapy. The purpose of this study is to

gain information about whether or not this new approach is safe and effective in treating

human brain tumors. Although the findings in animals are encouraging, you will be one of

the first humans to receive this investigational treatment for brain tumors. You have been

offered this opportunity because, despite standard treatments including surgery, radiation

therapy and/or chemotherapy, your tumor has reoccurred. After speaking with your doctor

you may elect to continue with standard treatment, participate in this study, or discontinue

all treatments. While we hope to gain information on the usefulness of this approach in

humans, we cannot know whether your tumor will get smaller as a result of this treatment. It

is possible that this treatment may make you worse.

What Is Gene Therapy for Brain Tumors?

We will attempt to change the genetic material of your brain tumor cells by inserting a

viral gene, which is a small piece of the basic structure of the virus, into the tumor cells. The
gene to be inserted comes from the virus that causes cold sores. The gene is called the tk

gene. It directs the cell into which it is inserted to make a protein call thymidine kinase which

the cells in turn can use to metabolize (break down) other substances in the cell. The way
we will transport the tk gene into the tumor cells is to use a "vehicle" to carry the tk gene into

the cells. An example is that if you want to move a passenger you need to put him in a car.

The vehicle (or car) in this case is a different virus -- an adenovirus. This virus is a common
human adenovirus that gives people sore throats. We removed a portion of the virus'

genetic material so that it cannot cause infections. We call this vehicle a "vector." In place of

the removed genetic material the tk gene (the passenger) was inserted into the vector. Now
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the vector can carry the tk gene into your brain tumor cells. When the vector/gene

combination gets into your tumor cells it inserts itself into the cells' command center

(nucleus) and tells the tumor cells to begin making thymidine kinase. When we give you

Cytovene®, the tumor cells containing the tk gene produce harmful substances within

themselves that cause the tumor cells to die. We do not expect normal brain cells to be

injured because the converted Cytovene® is harmful only to rapidly growing cells. Normal
cells in the brain are not rapidly growing but tumor cells are and therefore are targets for the

vector/gene/Cytovene® combination.

Pretreatment Evaluation:

You have had most of these procedures before your first operation for your brain

tumor. You will have a complete neurological and physical examination and blood and urine

tests to determine your overall health. The amount of blood drawn from you will be no more
than 18 teaspoons (3 ounces) in one day. You may experience some discomfort or

temporary pain at the site of the needle entry for the routine blood studies. There is remote

risk of fainting and local infection.

You will also have radiographic examinations of your chest and head and any other

areas of the body as indicated by your medical examination and history. An
electrocardiogram will be performed. Additional tests may be required depending upon your

state of health and prior therapies. The blood tests will also include a test for the HIV (AIDS)

virus. You will be asked to read and sign another Informed Consent Form for this test. If the

test indicates that you may have an HIV infection this information will be discussed with you

and you will be given an appointment with the Department of Infectous Diseases for more
information. Patients with HIV will not be eligible for this protocol since the experimental

treatment could interfere with the treatment for an HIV infection.

An MRI scan and/or a CT scan of your brain will be done. Both scans are designed to

examine the changes in the nervous system that occur with the recurrence of the brain

tumor. MRI uses a strong magnetic field and radio waves to show structural and chemical

changes in the brain tissues. A CT scan uses x-rays. A single CT scan is equivalent to

about 200 chest x-rays. The type of scan chosen will depend upon the status of your tumor

and the response to this therapy. During the scan, a needle will be placed into a vein in your

arm and an image enhancing contrast agent may be administered through that vein before

obtaining a second set of scans. Each scan takes about 60 to 90 minutes. Scans will be

repeated periodically after injection of the vector producing cells to monitor the effects of this

therapy on tumor growth.

Your will also be asked to take a series of simple memory and comprehension tests to

establish a baseline before receiving the virus injection. Later, after the experimental

treatment, you will be asked to take the tests again. This will help us determine the effect of

the treatment.

II. TREATMENT

Surgery:

The following procedure may be similar to procedures that you have already

experienced when you were first treated for your brain tumor. A metal halo will be placed on

your head to enable the doctors to precisely locate the tumor following a CT scan. This halo
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has four pins which anchor it to your skull and keep it from moving during subsequent

procedures. The pin sites will be anesthetized so there will be no pain. After the tumor has

been located by CT and/or MRI scanning you will be taken to the operating room. The
procedure of injecting the virus is similar to that of doing a tumor biopsy. Local or general

anesthesia can be used. Your doctor will discuss the advantages and the risks of both types

of anesthesia to help you make a choice of which you prefer. A one inch long incision will be

made in your scalp and a small hole will be opened in your skull to expose your brain above

the tumor. A thin needle will be inserted through the hole into the tumor and virus injected

into the tumor. Then the needle will be removed, the hole plugged and your scalp wound
sutured closed. Following surgery, you will be monitored in the intensive care unit (ICU).

During the various stages of therapy, you will receive various drugs to prevent convulsions

and swelling within the brain. These drugs are used routinely in neurosurgery and are given

to almost all patients who undergo brain tumor surgery. Antibiotics will be given to you on

the day of surgery.

One day after the injection of the virus, you will start the Cytovene® treatment and

continue treatment for 14 days. Cytovene® will be given to you by intravenous infusion two

times a day over about an hour. You may have an MRI or CT scans before, during and after

Cytovene® therapy. You may be kept in a quarantine room during part of your

hospitalization after virus injection. This may limit or inhibit visits by your family and other

visitors.

Follow-up Care and Evaluation:

After you finish the course of Cytovene® you will be discharged from the hospital. Two
weeks after discharge, you will be required to return as an outpatient for follow-up studies.

You will undergo neurological and physical examinations and laboratory tests, as were

performed before your surgery. The memory and comprehension tests will be repeated to

determine whether the treatment has had subtle effects on parts of your brain not

associated with the tumor. A family member or care-taker will also be asked to fill out a

questionnaire regarding your status after the treatment. An MRI or CT scan of the brain may
also be obtained. Following the initial visit, you will be seen as an outpatient at 2 week
intervals for 2 months and monthly for 10 months. The number of visits after the first year

will depend on the status of your tumor. We expect that we will obtain one sample of blood

per year of no more than 18 teaspoons (3 ounces) for the remainder of your life to monitor

the safety of this gene transfer methodology.

III. RISK ASSOCIATED WITH EVALUATION AND TREATMENT

Risk of MRI and CT Scans:

MRI and CT brain scans are painless procedures that are very safe for most patients.

You probably had one or more during your first treatment of your brain tumor or before you

joined this study. During the scan you will lie in a long metal cylinder, which people who fear

closed spaces sometimes find a little frightening. Patients can be observed at all times by

the operators and can be assisted if necessary. You will be moved out of the machine if

requested. The MRI machine makes a thumping sound while operating.
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As part of the scan a special contrast agent will be injected into a vein so that the

tumor can be better seen. A small proportion of people develops short-lived reactions during

the administration including nausea, headache, hot flashes, and heart palpitations. These
symptoms usually resolve spontaneously within minutes. A smaller group of patients are

actually allergic to the agent and may develop a rash, hives, respiratory difficulty, and in

extreme cases pulmonary and cardiac arrest and death. You will be closely monitored and if

an allergic reaction develops, you will be promptly treated with epinephrine and breathing

assistance if necessary. Both therapies are immediately available in the room where the

brain scan will be performed.

Patients at risk for injury from MRI are those with pacemakers, metal devices, or shrapnel

fragments in their bodies. Welders and metal workers are also at risk for injury because of

possible metallic foreign bodies in the eye. If you are at risk for injury by MRI scanning, you

will undergo CT scanning instead.

Risk of Surgery:

The surgical risk depends on the preoperative condition of the patient, the nature of the

operation, and the location and size of the tumor. Known risks associated with brain surgery

include: hemorrhages, deterioration of neurological functions (such as weakness in the arm
and/or leg, loss of sensation over parts of your body, and partial or complete loss of

functions related to communication such as speech and comprehension, and other functions

related to intellectual capacity, memory, etc.), infection and death. The relative risk will be

discussed with you in accordance with your condition, specific findings and planned surgical

procedures.

Risk of the Virus and Gene Transfer:

Even though the virus that is injected cannot cause infections it is possible that events

could occur within the cells that would permit the virus to change and become infectious. If

that were to happen there is a possibility that you may develop an illness similar to

meningitis or viral infection of the brain. Gene transfer using similar vectors has been used

in patients with the lung disease cystic fibrosis. To date there are no reports of this type of

virus vector changing to an infectious virus in either laboratory animals or in humans. We
believe these vectors are safe and are not a threat to other people or to society.

It is possible that the virus will damage normal brain tissue around the tumor if it leaks

out of the tumor site. In laboratory experiments virus was injected into the brains of baboons

at two different doses with and without Cytovene®. One dose was the same as the highest

we will test in humans, we call it the low dose, and the other was 20 times higher, the high

dose. When baboons were injected with high doses of virus and treated with Cytovene®
the animals died or became so sick that they were put to sleep. Injection of the high dose of

virus into brain tissue with no Cytovene® caused local, irreversible damage soon after the

injection. Lower doses, similar to what we will be injecting into your tumor, caused local

damage at the site of injection that appeared to be healing 6 weeks after injection. It is not

known what the long-term consequences are going to be from injecting this virus into tumors

such as yours. We believe that some of the surrounding blood vessel cells will take up the

vector, but the number is too small to result in significant adverse side effects. It is possible

that bleeding and neurologic symptoms (headache, convulsions, stroke) may develop with

Cytovene®. It is also possible that the virus will leak out of the brain and will be spread

[
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throughout your body by the blood vessels. In the baboon experiments we did not observe

any adverse effects from virus leaking out of the brain and infecting other parts of their

bodies.

Risk of Cytovene® Therapy:

Cytovene® has been used extensively in humans to treat a number of infections

including viral infections of the eye. We will be following the recommended dose for therapy

that has been used to treat viral infections of the eye. The most commonly observed

complication in people receiving Cytovene® has been the development of decreased white

blood cell and platelet counts. This could result in an increased risk of infection and

bleeding. We will monitor these counts every other day (during Cytovene® treatment) and

the drug will be discontinued if the white blood count or platelet count drops significantly.

Discontinuation of the drug results in normalization of the white blood cell and platelet

numbers. Cytovene® may cause permanent or temporary infertility and may be associated

with birth defects. Therefore, women of childbearing age should use effective contraception

during Cytovene® therapy and men should use contraception during and for at least 90

days following Cytovene® therapy. Cytovene® can cause cancer in animals. There is no

information available to estimate the risk of this in humans.

Additional Risks:

This procedure is new and it is possible that despite our extensive efforts other

unforeseen problems may occur including the possibility of unknown and possible disabling

effects or death.

IV. DURABLE POWER OF ATTORNEY FOR HEALTHCARE

You have an illness that at some point may impair your ability to think clearly and to

make decisions. A Durable Power of Attorney for Healthcare is a process by which you

appoint someone to make decisions about your medical care should you become, and only

if you become, unable to make these decisions yourself. Such people might include a

husband, wife, other family member or close friend. It is important that this person know
your moral, religious and/or personal preferences in research and medical care. The
Durable Power of Attorney for Healthcare form helps us give you medical care and assures

that your preferences in research and medical care are respected, if you should be unable

to give informed consent. A Durable Power of Attorney for Healthcare form can be obtained

from your attorney or from the admissions office at The Methodist Hospital.

V. A TENTATIVE AGREEMENT TO AN AUTOPSY

In case of death during or after your participation in this research study, we ask you

for a tentative agreement to an autopsy. This will provide us with an opportunity to learn

more about the effect of our treatment of your tumor.
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VI. ALTERNATIVE TREATMENTS

You have been offered the opportunity to participate in this study after your tumor

recurred despite appropriate standard therapies for your disease. A variety of experimental

studies for the treatment of brain tumors are conducted in medical centers around the world,

but the benefit of these treatments is as yet unknown. In addition, there is always the

possibility for you to decline any further treatment for your disease. Your decision to

participate in this study will in no way affect the availability of alternative treatments for you

now or in the future.

VII. NEW FINDINGS:

Any new information acquired by your doctors during the course of this study which

may affect your choice to participate in this research will be given to you. This includes

information about the study procedures or consequences experienced by other patients

involved in the study.

VIII. CONFIDENTIALITY:

Every effort will be made to maintain the confidentiality of your study records. Agents

of the United States Food and Drug Administration, National Institute of Health, and

scientists at Baylor College of Medicine, The Methodist Hospital and Texas Children's

Hospital may be allowed to inspect sections of your medical record and research records

related to this study. Results gathered from this study may be published, however,

participants will not be identified by name. The confidentiality of the data will be maintained

within legal limits.

This clinical procedure may attract a great deal of attention from the media. We will

make every effort to protect the confidentiality of you and your family. However, because of

this media interest there is a greater risk than usual that information concerning your

treatment will appear publicly without your consent.

IX. COST AND PAYMENTS:

You will not receive any payment for participation in this study. Treatments and any

special research tests associated with this study will be provided at no cost to you.

Participation in this study will represent no additional cost to your medical treatment. All

laboratory, physician or hospital costs not related to the performance of research during this

study will be charged to you or your insurance company as usual. In the event of injury or

long-term disability resulting from this experimental therapy, Baylor College of Medicine and

The Methodist Hospital are not able to offer financial compensation nor to absorb the cost of

medical treatment and/or long-term care. However, necessary facilities, emergency

treatment and professional service will be available to research subjects just as they are to

the community in general. Your signature below acknowledges your voluntary participation

in this research project. Such participation does not release the investigator, institutions,

sponsors or granting agencies from their professional and ethical responsibilities to you.
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X. RIGHT TO REFUSE OR WITHDRAW:

Your participation is voluntary and you may refuse to participate, or may discontinue

participation at any time, without penalty, loss of benefits, or change in your present or

future care. The investigator also has the right to withdraw you from the study at any time.

Your withdrawal from the study may be for reasons related solely to you (for example, not

following study related directions from the investigator or a serious adverse reaction to

particular procedures) or because the entire study has been terminated.

XI. OFFER TO ANSWER QUESTIONS:

You may ask your doctor or the investigators listed above any questions you may
have about this research study. By signing this form, you agree that the investigator or his

designee has answered all of your questions. If you have additional questions during the

course of this study about the research or your rights as a research subject, you may
address them to the Baylor Institutional Review Board at 713-798-4760. In the event of a

research-related injury or if any other problems arise, you may contact the Principal Clinical

Investigator, Dr. Robert Grossman at 713-798-4696 or his designee.

If you agree to participate in this study, please sign your name below. We suggest you

retain a copy of this document for future reference and personal records.

All of my questions have been answered to my satisfaction and I have read the explanation

about this study and have been given the opportunity to discuss it and to ask questions. I

hereby consent to take part in this study.

Because of potential or unknown effects of the study drug on a fetus, if I am a women of

child-bearing age, I will have a negative serum pregnancy test prior to entry into the study. I

have been educated and encouraged to the fact that either I or my partner should utilize one
of the more effective birth control methods during the study and for 3 months after the study

is concluded. These consist of total abstinence, oral contraceptives, an intrauterine device,

contraceptive implants under the skin (Norplants) or contraceptive injections. If one of these

cannot be used, contraceptive foam with a condom is recommended.

Signature of Patient and Date Signed

Signature of Investigator and Date Signed

Signature of Witness & Date Signed
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